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PREFACE 


tSRCSNlJ EDITION) 

• » 

The practical plane geometry is suited for school 
course and it has be^n treated in part I of this book, ^art 
II contains projections, sections, developments of surfaces, 
isometric projection (a particular case of ordinary projection), 
descriptive geometry or, practical solid* geometry* inter- ^ 
penetration of solids and cast shadows and line of separSlipa 
of light and shade 

•I have arranged the different sulyecta of practical eoiid 
geometry in sut^ a waiy.^as to make them intelligible an;i 
easier for Indian students to understand without help from 
teachers. I have omitted the higher ‘ parts of descriptive* 
g^eoinetry which are too obstruse, for ordinary students. 
Some of the problems in this book ^ave been compiled from 
other standard books on the subject and some new problems 
have been ad^^ which I found useful to the student 
during my long experience in tho teltrking of tlu^ tni^ectSi 
I have tried to make the book concise, and the spme 
time useful to the students. I shall be grateful, to the 
teawbers and other readers ,of ‘this book if they will kindly 
poinj ouMmy mistake or<omiffBion in the book. I shall also 
gratefully deceive all stK^gesttons for its improvereent. * ^ 


, SlBPUR, 
April, 19 ^ 0 , 
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CHAPTER 


JiRO.IKCTIONS. 

• 

Liiear drawing deal| with plane figures i.*e. figures which 
have^ only two dimensions length and breadth. To represent 
solid figures with three dimensfons (length, breadth and thick- 
ness) on a plane surface in such a way that they may be deafly 
understood in all their parts, there must beat least two drawing, 
one corresponds to the other, and the two drawings, are called 
the “projections of solid objects." 'I'he. fo^ms of projections 
change as the object varie.s m positions. 

The difference between pure solid geometry and practical 
solid geometry is that the former deals with the geometrical 
■ relatid^s which exist amongst points and Jine% of solid objects 
in ‘space while the latter shows how to exhibit these relations -by. 
scale drawings which can be measured. 

In solid geometry all objects are represented as thi^ would 
appear traced or projected on two pl.vies at right angles to e«ch 
other, one being horizontal and the pother vertical and- which 
are named co-ordinate ylanes. 

Projectiona different points, of an object in order to 
represent it on the two co-ordinate planes are oiade ‘orr the 
imaginary supposition, that the eye is directly opposite e^qh 
• point at the same time, and is looking jierpendicularly to tfee 
plants This sort of ^projection is called the orthographic or 
orthogonaj^j^^ parallel projecifcm. It is impossible to see, an 
object* as it la represented ^by the orthographic projection aa the 
eye cannot be directfy opposite each point at^he same* time, < 

I'he li^es drawn from the ^)oints in the object per^wndicular 
to^he two planes of projerjion arc. eallu! the “projectors," 
the pojpts in ^hich these lines meet Two co-ordinau plane* 
are called the “projections.'' ^ ^ ^ 

When^he proje<^lions are found on tlie horizontal plan^ by 
looking verticaJfy down over each point, fjie figure obtaiiied by 
joining the points is tailed the /4i« or the horizontal projection, 
^d when the figure h traced on the vertical plane,, by Ipoking in 
•lifontofeach pointy in a'tfireciipn perpendicular to the vertical 
plane, irts called the tUv^icn or the-vcrtical projection. 
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, WImt we i|ctua!ly see is the perspective prejecliop of ao 
Ajact which is taken from one ii^d point i. e. the eye yid the 
lines drawn from tlje different parts of the object converge 
towards the ‘eye considered as a fixed point. These li^es are 
*thc Ays of ligfit from the object to the eye wifiejj form a sort of 
cone, the vertext of which is the eye. k »s the natural ^presen- 
tation of the objfci but not sui^Jd for scale drawing a^he lines 
of the figure drawn do not retain their relative proportions. 

Kuliw of projections • * 

From the methods of looking perpendicularly to the plane 
if will be seen that 

{I'l The angles made by the objects #rith the horizontal 
plane will be reprasenfed on the \\ 1*. and the angles with the^ 
vertical plane will be represented on the H. P, i. e. the angle 
made by an object with a co ordinate plane is shown on the 
other plane. ^ . 

(a). That an objCct for instancy a straight line is seen full 
size on a plane when it is prallel td •the plane and will decrease 
in size ia plan or elevation as the angles it makes with the H. P. 
or V. P. increase. , 

(3)’.- That the lengt^ of the horizontal projector of a point 
from the ground line i. c, the line of intersection of the two 
co-ordinate planes shows the distance of the point from the 
vertical plane, and the^lengifl of the vertical*itojlctor its height 
• from the horizontal plane. 

^ (4). The tine joining the plan and elevation of the same ^ 

.pointis ^rpendicular to the ground line, ^ ^ 

«. It is convenient to name tlie*act4ial corners object or 
poims in space by capital letters, ^eiv projeotions ffn the 
H. P. or plan^ by the respective small letters and their elevations 
by small btteA with a dash, as A is a point in spaoe its {Han is 
o and its elevation ♦; Jhc gro^fiid line is represented byj;he 
letters XY.’ The loafer points in plan always reprwent the front 
^ints in the elevi^ioK oilhp vertical plane behiffd the object 
^ Full top view is *^n in plan when an oWeet ^placed on 
the hdrizontal plane ,ot held parallel to the H. P. Full front 
view is setm in ele^ion when the object *is so pl^ed that its 
ftOfit is parallel to the V. P. As long as the partUel position 
is ooP altered the view retains the^^e form but may beiH*^ 
different pondpoa. , * « <> 
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• Simple projiction :~It is somewhat easier for a .atudeot , 

to comprehend the simple proj^tpns of solid fibres than the* 
projectidi of lines and planes ar the* eye is assislld by the solid 
appeanlhce of the figure. * • 

The simplq^t •position of an o4)ject is when^ it is pldbed 
parallel ta both the planet of projection i. e. the base is placed 
on the Ir. P. and a face or aiys of the objeot 'is parallel to 
the V. l' ' 

'Aie next harder position* is when the object is placed* so' 
that its base makes an angle with the H. P. but the position of 
the object with reference to the V. P. remains unchanged ; oa 
the object is so turned that the face or the axis of the object 
which was parallel ^o the V. P. is turned to make an. angle 
with the V. P. but the position of the objeft with the H. P. 
remains unchanged ; i. e. the object makes •angle with one of 
the co-ordinate planes only. 

• *Tl»e third or difficult case is when tho object is in an 
oblifjue position wiih refeaence to the two planes of projection 
or when the object making an angle with the H. P. is turned so 
that its face or axis also makes an angle with the V. P, . 

The simple* wules of finding the plfin and elevation of 0 n 
object when if is oblicfue or makes angl^ with both the planes 
of projection are the follQ§ving : — 

j. First ptec% she object on owe plane with one edge of 
the object parallel to the other plane ffhd draw the plan or 
elevation first, which ever is easier, and draw the othci^view by 
--projecting from the one already drawn and supfJlying the parlj 
wanted. In the majorisy of cases it»will be found easier'to place . 
the object horizontal plane.* * * • • 

2 , Raise* the object* •either resting on a corner or oif an 
edge i|hen that edge is at right angles to tile ground line,* tbe 
base makin^an angle with H. P. but the axil of Hie object 
is iwfned parallel to the V.<P. The^^w^erof an ^object in 
elevatiot is a straight line and it can be ^ised on one end when 
that end represents^ comer oT-tnwcdgl^f Jo objeej at right * 
ingles to the ^oun(] line. • This will change the form of the 
plim but the devation will not be*i1lere^ in form but simply 
raised on oo^ end of the base line at the sraft angle which the 
base makes |itb the H. P. Draw this figure on the right of the 
elevation. As the d&fiiiice pf the points of tlA objiKt from 
the Y« Ft is oot altered jhe pUo can raksil/ b% obtained by 
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^rawlng^iiies from the various points ( 5 f the ^st plla parallel • 
tO| the ground line and inter^Aing these lines by projectors 
from the corresponding points V)f the 2nd elevatiorf. The 
second plan is formed by joining the points thus obtained.* 

*3. No% retain the angle which the bifse of the object 
makes with the H. P. unaltered and #urn the object so that its 
axis^ which was ()«rallcl it) the V*.,P. in tlu; 2nd position, ^ill make 
the required ani'le with the V. P. in the 3rd position. * As the 
angle which the object nukes wilAi the H. P. is not altered, the 
2Bd plan will remain unchanged in form but only turned in 
position. Copy the 2rul plan on its right side placing the axis of 
the figure at the r^juired .ingle with the V, P. The heights of the 
points, of the object remain the same as liiey were in the and 
position, tlicrefod^ draw lines parallel to the ground line from 
the points of the 2nd elevation and intersect them by projectors 
from the cortesponding points in the 3rd plan. 'Phe 3rd 
elevation is obtam^Nl hy joining these points, and this i^pd the 
3ru plan complete the^projections of jhe object in the particular 
•position making angles with botit nhe planes of projections. 

In the Jast figure the 3rd elevation presents to the eye a 
solid afujearance as the oliject is so turned ,that hy looking 
peflxuidicularly to the P. we see two faceS and the base of 
the obj^'t i. e. the thr<‘e^imensions of solid. 
pRORLt.M. I. • 

Project a cube ed^^es 1] inohmFldhig restiDRr on 
. one edge on tke H. P. and its base makes an anele of 30* 
with thfi H. ^ Pig.^237.* 

• ABfT) is the plan of the rube half full si.^e and numbered i. “■ 
■ It is’drivvn witii one sitk ^I) ^lerpendieular to the grouNd line 
I XY a.s it is’ to be raised on 5 ne edge. The ekuttUion of the 
cubS is obtained by projecting from* the points 'ABCDin plan 
and uieasurii^ the*' height on the projectors from the ground 
line. shown in No. 2. Its^ bottom corners affe named in 
small ietreii*! corresponei^ to those of the plan and thetop co«iers 
^by ihtf same letters tWih a dash. The elevatiop M ^ raised 
at an angle of jolwiii'? X \*>an<j Vesting on, the edge ad in No. 3. 
The last plan or l^o. 4 is obtained by projecting vertically 
down," the corners of,No. 3Sind gelling ihe^projebtors intersected 
by projecting hotrtontally from the corfcspondin^ corners of 
No. I. ,As No, 3 is obtained from No. a by turning it on one 
comef" parallel to the V. P., the disbibces Qf the ^ints ABCS^ 
top and bott^ froa the V, P. remain fixed in its altered 

a Niunben of figurb* II ooDtinao from Pvt L 
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J" position No. 3 : they are determined by drawing lines^parailel 
to XY from thmr first positiort in No. i. It i^ drawn by^thl 
first tw^ rules of projection. / * , 

2.* Pr^eot a oube edges long reeting 6 n one edge^ 
on the H. P., it 8 «baee making an angle of SQ*' with the 
H. P. and twft of its f% 3 e 8 in vertical planes inolined to 
the V. IWat 46®. Pig. 238. ^ ^ • 

Th*s is a case of an object making compound angles with the 

• • 



0 • 

two planes of projection 9pd is to be^rai^ hf thg three rules of 
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I*’**»® projectiQiB of fig. • *37 solve 'the first" part*. 
«.this probleA and No. 4 fig. 2^7 is the plan 8f the cAbe with 
V.*" *"«'’ 30® with theH.P, Imfig. 238 

• Itf« f ““ if?' * *'*• 45° XY, 

/«.». If .k • *’*'’'*^ representing the front and back 

f^ f P"*"S' are turned 45® 

eWvation is obtained by projecting upi-ards from the corners of 

M^nt^ah. corresponding 

th^ f,ih^ P*cre the three faces of 

cube arc seen. There need be no difficulty to the beainners in 

j ' . ^ r elevanion as shown by the arrow head, 
jf j firm line can appear through 

Hnes " ■' ■’ b' »nd a' a are dX 

. ^th H p ^ **?. ‘***® m«m« an anglw ofii’'- 

30 * wit^th* V* p! iaraod at an ang'le of 

dijg<?al‘AC °p.Tali:rt"o'xV." Nhal^lVn d ‘h* 

c/E*df"lfo^? Wilh^ihe b"** ‘'>® ’'eights. No. ^^*8 

/ith the H ,> ‘!^ ‘he base line a^frf raised at an angle 0143® 

, ground line in the horizontal plane. No T is a ro„» of ‘ 


the a^unte co^ * rests on 

trT 

*t dil* rcaSowoVn ^”’*** *“** twoThpa# 

^«tlbn thatl wild “5SS. 

wirhTk'*. ’’"j.* °“?*^"’®hject mklting^ompound 

®f P'?j«®'ion- Th,.two facesTf the^ 


makw.fV-ifhWD" ■'^7 . ina-two faces of 

rfi^oo T ” "Tf ‘“Pk*” ’’“he «s in No. 

a ‘he solid 

a comer of t|fe bottom to the opposit^ comer of, the tpp w /^C, 
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A is. a corner of the lop plane on the leff and c is'th^i opposite ^ 
corner V ihei)ottom on the rtfht Here th^ solid xliagonal 
is 40 be taken parallel totht^V.P. and is shown bji)its full 
length on the elevation. Nd. 3 i^a true copy of No. 2, the 

diac()i)al Ac* vertical. No. 4 is the view retjuired obtained by 
project ion.s Qfom No. 3 and* No. i. This is a pjirticular case of 
projection in jrhich all the edges of th% cube are equajlf' inclined 
to tjie ground, •as all the edge* of th(|cul)e in the pl^n No. 4 
appear equal. I'he particular projccuun is called the isometric 
projection to be specially treated^in Chapter III. 

• * 6. Project a trianjfulsr prism restingr on one 
Ihe triangpilar end which is equilateral of 3/4" side. The 
lower face mal^ 30'^ with the H. F and the lonsfer edges 
2' in vertical planes inclined at 45 with the V. P. Fig. 
241.’ • 

'I'his is a case ef compound angle which will require 3 sets of 
projections. As the prism will re.si on an edge of one end that 
edge^is to be placed so as to appear as » point in the elevation, 
/.(•. It is to be placed St right angles X\' The figure is drawn 
• half full 3i/(‘. Imagine the end tfW.irds l!(' is placed on the 
ground, that is A lt(J is an equilateral triangle. By projecting 
from 4 ' the position o( the rulge orlop edgt;An is obtained. 

height m No 2 is the altitude of the e((uHateral triangle A' 
}i( 7 /.y’.A 'A. In No ^ithe end DKl* and the base BCFE are in 
front so we see them m elevation , as ihtjiedge AB passes over the 
plane BfT' IC in elevation il*s doited. The AC and CH are 

seen, not for the piatie ABC which we cannot see but for the 
plher tv^ faces A(d‘'|) and IK'FK winch we see. The line AB in 
jjg. 6 is a dotted line. 

•d project a regular* pentagoui^ priem 2" long with 
sj^ea of base 8 4 ‘ lyiilg^n K>1ie face on th e, ^ BT ound with 
tba plan of the longer sides inclined at 80'’ mth the V.P. 
Flit 243. , 

Th^ fig.* is drawn half size. Take a straight lin^ DC At right 
acngles to XY and cgual to one ‘side of the pentagon. 
Aonst^uct^a regular pentagon (lug. 80 ch. VI part 1 1 as A' F CE’ 
D'. Produce DGbq^hways. Inugine the pentagoTk A' B’‘CDE'to 
be vertically on DC and g 3 tlA; corners and E' , projected on 
DC produced as B And E.^. Then complete the? plan and eleva- 
tion Nos. 1 and ^ In elevation the heigly CA* AA^ The side 
DE' will apppr in elevation as EC= AK,, Place No. 1 as No. j 
with Ipnger wdes at 30® with XY and*Qbtain No. 4*by projecting 
from No. 3 and Na 
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Noti No. 4 can be drawn by one p;\)jection a^N/). i 6an 
be placeb- as Np. 3 directly by dawing the first ctraight Hne dc 
at 60? with XY and completing tMpenlagon on it. The heights 
of the elevation can^ble projfectcdVrom the line A'E'D'= VKA 
of the pentagdh. 

7. Projeeta regular hexagonal prism long with 
aides of bsM 1 ' resting on one ed^e of baee» the base 
raised at an angle of 30“ with the ground and tne axis, 
in a vertical plane inclined at 46' to the V.P. Fig. 243. 

The problem can be drawn bjktwo sets of projection instead 
of three as shown in the figure. The preliminary set that has been 
omitted is simply to obtain the angular points in plan and eleva- 
tion which can be found by the drawing of a hexagon ABCDEF 
•nd projecting points on AB produced asu F'ABC^ and by 
taking a line perpendicular to BA and projecting the corners on 
that line as GKH. ^Draw No. 1, the elevation first, as it is the 
simplest figure, by taking a line at an angle of 30® with XV, 
representing the base BbaA. Draw BCD at right angles to 
Bb and erfual to GKH und complete No. i. Project from the 
points of No. I. and from the 4 points F'ABC' and complete 
No. a. Place No. 2 with the axis line PQ at 45° with XY and 
complete No. 3. No. 4 is obtained by projecting from No. 3 and 
No.'^. 

&. Drsw tdsn and slsvation of a square pyramid 
2 Fh^hand 1 sdgs of base with ose of its tnaogular 
ftu) 6 S on ths horisontal plane and its axis in a vertical 
plans inclined at 46*« with the V.P. Pig.^ 4 ^ 

As tfic pyramid lies on the ground on one of its triangular 
fatys, its base is^ni an angle with the ground and as its axis is 
inclined tb the V. P. it is a case of compoi^nd angle. It is jo be 
dragn by 3 .sets of projection8.> ' Draw a square ABCD with 
•the diagonals AC and BD intersecting in V, the^rtex, No. i, 
as the^plan of the pyramid resting on its base on the ground, 
with the fdgtf' BC of the base, on which it is to be turned for 
placing the pyramid on the triangular face BCV on the ground, 
at right, angles to XY^, No. 2 is its elevation obtained from 
No. I and the heiijht pf the^Dyramid. No. 3. is a (Ajpy of No. 2, 
with the line BV on XV. Obtain No, 4 'by projecting from 
No.tJ. ,and No. i. Place No. 4 with the «exis ’ine PV at 45® 
with XY as No. 5.. -Nh. 6 is obtained by projecting from No. $ 
and No. 3 . The face A BV is in front so it appears-Hhe biggest 
in the devaliois. The base ABCD and .the face DOV are awa», ^ 
4 tom the observer and the liqe CD is a dotted line. 
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• which require* >he knowledge of descriptive geometry, ^ a higl^ 
branch* of projection. Theri js a simpler way of solving the 
problAi. Place the circle fi/t at* right angles to the two planes 
of projection as GC and AE in fig. 246^ The divisions in GC 
and AE are takeR from No. i, and •No. 2 fig. 245.^ Incline T»C af 
30° to XY that is the {^ane of the circle is first inclined to the 
ground^t 30° and number it ag i. Project thi* plan No. a^from 
No. I ^nd the points inf/\E. In No. 2 dia AE is at right angles 
to the ground line i.e. to the V. P- Place No. 2 as No. 3 with dia, 
AEat 45® with XY (compare with AE No. 3 fig. 245). Complete 
the elevation No. 4 by projecting from No. 3 and No. i. • 

11. Draw plan and elevation of a« circular plane of 
irdia. when itn plane is inclined to the ground at 30" 

^and to the V.P. at 60'. Fig. 246. • 

This is possible when the diameter AE is turned 90® from 
its original position No. 2. m fig. 246. 1.0. from the right angle 
loipajallel to XY. No. 2 fig. 246 is copied as No. 3a^fig. ;246. 
Fnom No. 3a anjJ No. 4 complete No.*4a. The case will be 
more clear when we deal vfifti lines in the next chapter. 

12. Project a cylinder, ‘ diameter of base U' and 
height of aius If' resting on its circular rim, the base 
raised at an ahgle of 30" to the grdund and its axis is in a 





14 ceometricXl drawing. 

• 

Pitn tnd Mevatioo of the cylinder. Obtain XBCDEj^GH the eight 
Points in the circumference andtwoject them on the top and 
bottom of the cylinder in No. 2V*liicc No. 2 as No. 3 in 
^evatipn with ’the base cu at 30'’ with XY. and project N’o. 4 
from No. 3 and No. i. Placo No. 4 as No. 5 with the axis line 
PQ at 45® with XY and project No. 6 f^pm No. 5 and No. 3. It 
will be seen that in elevation No. /) the points in the lowCr curve 
are not exactly those which are seen m the^lan No. 5 as the points 
f, e and d appear the points a, and c disappear. Notice 
that in all the cases Nos. 2, 4 and 6, the cylinder retains its full 
breadth, as whatever be the position, one diameter of section 
appears perpendicular to the sight. This is a check in the 

drawings of the beginners. c 

( 

IS. Project a opne, height 2^ inohee, diameter of base 
ir, resting on its edge, with its base inolined at an angle 
of 30* with the H F. but its axis is in a vertical plane 
inclined at 46* wUh the V.P. Fig. 248. c 



frojecVion;. * 

• • - ’ 

Obtaiir No. a •from No. x aod the height of. the am. Turn 
No. 2 on the point E of the Aase so that AE the diameler of 
the h|se parallel to the V. P/makdfe 30'' wjth the H. P. in No. 3. 
Project No. 4 from the points in No. 3 and No! i. In No. 4 
the axis is pjirlllel to the V. P. • In No. 5 tht plan No. 4 is 
copied wth the axis at 45^ with the V. P. Obtain No. 6 by project- 
ing from No. 5 and 3. ki No. 6 the «xis being inclined 
to the V. P. appears less than its real length shown in No. 2 and 
No.*3. 


14. Project a cone lying on its slant aide on the H. P. 
with its axie in a vertic^ I^ne inoiinea at 8(P with tho 
V. P, Fig. 249. • 


A A 



In this case No. 2 of fig. *48 is place^ with the slant side VE 
otfXY and numbered i. 2 is obyimed by prbjec^ng from 
No. i*and ftom t{ie line CQ tal^ni^if m • No. i 248 and 
placing it ^ right angles lo XV. wo? 3 is a*copy of No. 2 with 
the axis inclin^ to the V.V. at 3c^ aDd*No. 4 is obtalped by 
projecting from No. j end No. 1. • * • 

In No.*2 the hcg’izontal diameter of base GC retains its full 
Ungth whicn in Na t i/a*point u it is perpendicular to the V. P. 
and in No* 4 it is diinioiibM as it makestdo* with the V. P« 
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• 15. ^rcr)eq|j a reotangfular Jbox withoutoalid rMtins 
on one corner with an edge^ n front the sides inblined 
to the V. P. and the base rawed at 30* with tho H.P. 
flg. 360. • • 



e 

Here the box is to be placed wkh the diagonal of the 
base parallel to XY, as the Imse is to be rais^J fix one corner, a, 
.Complete the'rectangle* ABCl) on the diagonal AC placed paral- 
lel to XY* Thg capitjl letters are for the corners of the top and 
thpe small letters for the corresponding corners of the bottom. 
AC the diagonal of the top r^ncides with at’ the diagonal of the 
botflom. T^ke AT as the fhiclfiiess,of planks jy:)<J place it on 
the fftur sides. No. a is projected fropi No. i with the height of 
the box aA. The bcfc is raised on the corner a, with the diagonal 
ac at 30® K> \Y and copy No. 2 in the position No. 5, No. 4 is 
projected frpm No. ^and No. 1. ^o project the thickness of 
the box«project the poisis of thickness of No. i on No. 2 and 
^opy theip on No.^. P?d^c4ing ftom^he points oPthe thickness 
of No. 3 and No. i tlje thickness of ^he box'in No. 4<is obtained. 
Th^ ir,side corner Ff^of thofbox is seen in •No, 4 and it is a firm 
line in fig. 250. A portion of the bottow of the box is seen 
from top^ t 

A few cases of prmcctions Of Hnes and planes will further 
illustrate the ridts of projection. • 
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fiB. J)\w the and elevatiod of a line 1" long 
^inolined at 304 to toe H.P./knd the plan o^the line ia a^ 
46 * with the V.P. Pig. 261 y • 


0 

Place AB i" •long at 30 
with XY and project ^4 
plan parallel to XY. Place 
ad i.e Ifo. 2 at 45^^ with^XY 
as a 3 «No. 3 and project ad' 
No. 4 from No. 3 and No. 1. 
Here the plan of the line 
AB I'.c. ad makes 45° with 
the vertical plane at^d not the 
line itself. 

f 



n. When the li|ie ie eo placed ae to make 46 * with 
■theW at the same time when it ia ipolifted at 30 * with 
the«H. P , the projection oHt is explained in Pig. 252 . 

Place AB at 3V wi:h XY fig. 252 and draw AC equal to AB 
at 45° with XY. .^Project the points B and C on XY ancf obtaio 
Ab and Ac wjiich* represent the lengths * 
of plan and elevation res[>ectively of 
AB the given line. ThAe two lengths 
are to be placed reference to tlfb 
ground line so that one can be pro- 
jected from the other. As the angle 
with the H. P. remains unaltered when 
the lins moves from i» first pgralfel^ 
position with V. P. to its angular 
position* of 45°', it can onl]fJ>e turned 
by keying one of its ends fixed in 
position wifh relation to 
Assame the end B to remam fixed. 

With cei\lre B radius Ac (the length ofjhe elyation), dAw an 
arc, cutting XY in a. Jt^'n Ba«then*Qa i«ha pl^jcetion of the eleva- 
tion. With b ms centre and b Ai(hength of plan^ as radius, draw 
arc on which ihe%ioving end A of the^line liq?.^ To find ouf this 
point project from a an! find a' where it intcrsccfs the arc. Join 
a'b which is*the position of the plan of the line. It will be 
tk^ced that tne leogtji of M plam is the same as thM in fig.* 15 r 
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as the an« 1 c with th^ H.P. remains unaltered but tKw* length Ba 
•of the &evatio9 fig. 252 is less rti^n a'b' the elevation in 251 as* 
the angle which the plan in fig t Ji? makes with XY is greater than 
45^ the angle of the, plan in 251.9 The angle Aba is nearly 60^. 
When the ptan makes 45 with XY the angle which the line really 
makes with, V. P. is much less. It may be npticed here that 
angles increase in plan and elevation ( as the projections of the 
lines containing them must dec'-ease in plan and evevaiion. This 
is a case of solid geometry. 

. 18. Draw 4 the projections of a line ll inches looK 
which has one endlnXY and is inclined at 30* to H.P. 
Hnd 46^ to V.P. Fig. 263. 


It is the same case as tig. 252 with the difference that the 
end which turns front the V P. is not A but H the upper end 


of the line. 'I'he end A of the line 
is on XY which remains fexed 
aqd Ac are the lengths of the plan 
apd ’elevation respectively , they 
are to be placed m their propei* 
positions. As the line is turned on 
the point A with the angle 11 makes 
whh H.P. unaltered, the point B 
turns' with it.s height froi.i the U. P. 
remaining the same. Draw a 
horizontal line from l>, and with 
A as cenlre»and Ac as radius draw 
an arc •cutting the horizontal line 
.from. B at b',* join Ab' which L 
the* eltyation. With A a» centre 



and Ab ai radius draw an arc and project b*' on it b'. Joio 
AlP which is the plan. , . ♦ “ 

19. A line is given by its plan and elevation ; find the 
ohortedt dietanoe of the une from XY. Fig. 264. 

bet a'd' and dfi be the elevation and plan respcclsvely of 
the line, A B. l^is cf 5 tpjir«jd to "find, the length of the perpendi- 
cular that falls on t^e line from a point in the grouad line. The 
perpendicular will be seerrfully on a plao6 at right angles to both 
the H. P. and V.*P. that is on the side Wew. Draw ZXZ* at 
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X as centi^ transfer tl^e poidts b| and Rj as b, and a^ on the 
ground Itne. projdbting from b« and a, and from y and $f 
of thcr elevation the side ele^la^ion bV is obtained. From X 



where ZZ/ ^intersect the ground line Braw xd' perpendicular to 
b''a'' ; then xd*' is the •shortest distant of the line AB from XV. 
To represent the front view* project from d" on a'b' in 

elevation as d' and from d' project d on tTic plan lb. Then od . 
and od' are the plan and elevation of the sljortestjine. • 

20 . Draw the projections of a line IT long 106110 ^. 
at 3©* with the H. P. and 6QP, wiyi ihe V. P. Fig. 266. ^ 

^iFat 30® wjth the horizontal plane. AB' « the 
length of the plan. As tfte line AB is at with fhe H. P. it 

:an not incjjne more than 60® with the V. whiA iiill be the 
yise when it revolves 90® on ]{ as centre. 0 Imagine tjje (irst view 
iraWn as the side view of the figure, than AB is seen fulUength, 
:he an|le at A is 3q? and at D is 6a® Aikavt^a line DarallcI tof 
KV and project on It the pointt AandBasAj b,. With bj 
IS centre and A, as radius draw • quamant and obtaiti*b| a^ 
)arallcl to ZV the etke of the front plane. * 4 )raw ab parallel to 
i|b| and a'b' parajTel to B'B and e^ual to them respectively. 

Bben ab is fbe plan, andsafb' the elevadon of the liie ABa 

■ • 
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Draw a a' and b b' the pfcp and elevation respectively of 
the twca points A and B. Scal^. The distance ab is inches, ab 
is the f»Ian and a'b' the elevation of the line AB# With O as 
centre and Oa 4S radius draw a, quadrant aa,^ Project the* 
point O on a liril: parallel ZZ* and mark it as b, ;*measure b,Oj 
parallel %) XY and eciual to bo and from o^ dr^w a line parallel 
to Zif* «nd project on i# the point a, from a,. b,ai is* the 
plan^n a plane at ri^ht an^les^o the two planes of projection. 
bV, the side elevation is obtained by projecting from the plj>a 
l),aj and the first elevation b'a'. . 

22. Draw the projectione of a reotanffular plane when 
it reete on its ehtJTter edge on the ground, its long » edges 
^re at a particular angle with the V. P %nd the plane la 
gradually inclined at various angles to^the H.P. Pig. 258. 



• * • 

The rectangular plane is shown ifi Tig. 257 as AtBCD ft 
rectangte in ellvatiorv and .JC BO a in plaj. Place* 

the reciangje at right anglM to Toth ihe^danesof projection 
as No. I fig. 25^. Irtcline No. 1 iiethc elevation as 2, 3 ttn*d 4 
and obtain the thre% plans when the pland Is inclined at 60®, 
30^ and o® frith the H. P. The elevation is numbered ^ 1 and 
plan as !!.• Place the# whole of the plan II in tHI 4 ptfcitions 
as 111 of. fig. 25S i^th the long sides at^a j>artipular angle to 
the V. P. and project *tbe elevation IV fig. 358 ^om III 
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and I. For the convenience ofc showing the different angles 
with the H P. the plane ^is fibst placed at right 'angles 
^0 the V. P. ahd is gradually turned to H. P. It will be noticed 
that t6e horizoptal widths of tke elevations remain unaltered as the 
widths being parallel to the H. P. retain ^he same angle with the 
V. P., but the inclinations of tjie long sides with tKe V. P. 
which though coincide in the plan 'change as the' angle 
they* make with the H P. changes. This is the cause of the 
differences in the long sides of the figures in the elevation No. IV. 
This is a case of solid geometry and can be understood by a little 
thinking. ^ 

23. . Draw the projeotione of a rectangular plane when 
it reata on ita ahdrtef e^e on the ground, ita plane ia incli- 
ned at an angle to the a. P. but the long edges are gradu- 
aUy turned at various angles from the V. P. Pig. 269. 



Place the recllmgK?^JBftl) yf^fig. »57, iqtlined to the H.P.at 
and obtain the plan andelevatios which are the same as No. 2 
of I tJid 11 of fig. 258 and'number it as i.* Co(!y plan No i as 
plan No. 2 with edges AC and BD inclined #0 the V.P. at 30® and 
project the elevation No. 2 from plan No. f and elevation No. 1. 
Place ’ as plan No. 3 yith AC and^BD with the • 

V.P. and proje<;r th^elevatien N0..3 from plan No. 3 and elevation 
No, i , . Place plan N#. i plan No. 4 with AC and BD at 90® 
>ith the V.P. and prowled \he elevation No. 4 from plan 4 and^ 
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eIevation*Ko. i. 'fhe heights of tllp planes in the elevations remain * 
unaltered as the angle which it ^fes.with H P. is unchanged Bbt 
the width A B increases as its angle with the V.P. dect^ses. 

24. Draw the projections a reotangular plane 
when its inoUdhtions to both the planes of prelection are 
together ^ual to 90 260 1, 11, III. a 

• # • 



M • There ar^ three positfess in which the fectar<|ular’ plane 
makes with the t4o Co-ordina\e pl%pes.^ 

I. When it is perpendicBlar to the H but {»aral!el to th^ V,^, , 

• • 
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* II. Whea it is perpendicular to the V.P. Wit parallel to tl 

H.r, , 

III. When ona»edge of the ^ane is on the H.P. and t! 
• opp^iie parallel edge is on the V.P. In this case the angl 
with the two<'o-ordmate plIiTes are compleinentM-y angles. 

C'ase I. Plan is a straight line parallel to XY and jhe elev 
tion is the full rectangle AH DO I ' 

, Case II. Klevation is a straight line parallel to XY and tl 
plan is the full rectangle AliDC • 

Case III. The rectangle is placed with its plane parallel i 
XY. Draw Zf)Z for the side plane The rectangular plane 
seen on the side n^iew as a straight line inclined to the H.P. at a 
angle and to the ^'M\ at the complementary angle. 'Fhe heigi 
in the elevation is ()(' and the length of the plan is OA. ITui 
these two dimensions and the width of the rectangle the pla 
.APCD and elevation .\l»(d) is obtained as shown in case III fij 

abr.). . • • 

• 

Projection of irregular The projection c 

irregular areae can easily be found by inscribing them i 
rectangles, a side of which passes through a aide of th 
irf^egul^ area and the remaining sides pacing throug 
the corners of the figure Fig. ‘201. • 
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AJiCDEFG is irregular •figure. The rectangle PQRf 
• is described by dra\}:/^SR through AB and linef perpe.idiculai 
to SR tWrough DC and Dtaw PtJ parafiel to SR through I 
meeting the perpenrficular^in P anfi Q • ^ * 

The plan ABCDEFG is raised at with the H.P. on it 
corner G, No. i is the plan of the irri^gular plane with thi 
coraec *G oi the left. Its elevation^ is the straight line GC 
No. 2 . No. 2 IS placed at ^5® w^th ihetl.P/and numbered as 3 
Na 4 is obtained by ^rojgcfing from J*io. 3 and No. i. 
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PROJECTIONS CONTINfFEI). SECTIONS AND DEVKIX)PMENTS. 

• # • . . * 

T’here are four classes of projections 

*1. Orthographic, ortho^nal or parallel projections, *when 
the projectors are perpendicular to the planes of projection 
and are pvirallel to each other • 

Isometric projection is a particular case of orthographic 
projection. • 

2. I’erspective, radial or natural projection, when the 
projectors converge to or pass through a pdint, the eye. 

3. Obluiue projection, when the projectors are parallel but 
irtcliiied to the plane? of projection. It is w^jll fitted to, show the 
fifrms and dimijnsions ,of what may* be termed rectangular 
solids, as examples of wocftl-work. 

4 Horizontal projection :~ 

In this projection only one plane the H.I\ iS usej and 
figures ar« given indicating the hegjhts of the points either 
above or below the H.P. No elevation is necessary. The 
figures are called the ^Indices” and they are -f or — as they are 
above or bel 5 w^e H.P. It IS tTf grejl utility in the contour 
surveys and in the drawing of forts kc, * 

Definitions of solids : — • • # • 

A so/id is that which has length, breadth and Ihickrlfess. 
The*boundaries of a ?olid are «urfl<?^s .either plane or turved. 

Jhe b^Jfndary lines •of the surfaces of solids are Ailed* 
the fdgfs. *♦ , * 

solid angle is made by the meeflng of#three or more 
plane angfes, which are nothin the same plane, iri* one point 
a® the corner of a cube whert the three ift^gles meet* 

A pr\st% is a solid figure, boundetj^y pljine figure# of which 
two that are opposiV called endk ailf sinulkr, tequal a|id parallel 
to one arfbiher, an^ the others, called fates, are parallelograms ; 
in right prisms the faces, are rectanfics. , ^ * 

A pyt^mid is a%olid figure which has a plane figure for 
^ts base f hich ra^ 1^ a triangle or a poiygon^nd each of its 
sides or faces are krian^es whose vertices meet in a poifit above 
the base, called the ape^^ of the pyrtmid* - 
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Prisms and* pyramids arc^rfamed as triangular, sfjuare, 
pentagonal &c. according to thft for\ of their bases. • 

A cvlindet is a Solid figure the two ends of whic^i are 
<?irculaf planes connected by a, curved surface. •It is described 
by the revolufton of a rectangle aboij^ one of i?s sides which 
remains fixed, and^which is called the axis of the cylinder? 

A ri^ht iOfif is a solid figure described by the revolution 
of a 'right-angled triangle about qpe of its sides containing.the 
rigl)t angle and which remains fixed and forms the axis of the 
coqe, The base of a cone is a plane circle the radius of which 
is the revolving side of the right angle 

A sf/tere is a* solid figure described by ^he revolution of a 
semicircle about itsediameter which remains fixed. 

When the upper portion of a cone or pyramid is cut off by ‘ 
a plane and removed the remainder of the solid is called the 
Jrusium of cone or pyramid and the solid is ^said to be truncated^. 

The* solid forified ^by the revolution of a circular plane 
abofit a circumference passing through ift centrtf is called a ring. 
There are five regular solids and they are rvtmed after the 
number o^ faces they each possess viz 

t. The Tetrahedron has four e(|ual and oquihteral triangles 
for its fac6s. It is a iriangiilar pyramid. Fig. 262. • 

2. Hexahedron six sfjuares,for its faces. It is 

commonly called a cube. Fig ^63. , 

3. The Octahedron has eight equal and equilateral triangles 
f^r its faces. It is a double pyramid on a square base. Fig 264. 

^ A • • 


• A 





4. JObiodecahedroH has 12 equaband regular ^ntagons« 
•for its faces ; the oppmite /aces*are parallel to each other and 
itheir angles alternating, fig ;»65. • 
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5. • The Icosahedron has 2<i equal and equihiteral triangles 

for its feces. 'I'he opposite j4ces .are parallel and their angles 
alternatine. 'Fen faces seen are numbered, •ten doqed faces are 
below. Fig. 266^ • 



These regular solids poSsfess the following properties : — 

The faces of each*solid are equal, ’similar in shape and its edges 
are of equal len^^ths. • ^ 

These fgces are all regular polygon! 

If the solids were each inscribed in a sphere all their 
angular jxiints would tobch the concave surface of the sphere t, e. 
would be equidl?hjnt from its centre? ^ 

Projections of complicated or irregular, solids may be con- . 
veniently solved by enclosing them in* suitable gjJSrall^lopipeds 
like irregular plane figures cnclosedjn rectangles. Fig»»26i * 
AHeralion of ground Ime \ — • . * 

From thSTules of prqjeciion already given, it is found t!iat 
a plan or elevation is to be* copied exactly in, a different position 
to obtain % new elevation or plan. It is troublftot|^ and i* 
ofjjin a source of inaccuracy^f the resuming figure. The final 
plan and elevation may be easily ohtjii^^d by changing the 
positio^ of t^e ground fine tm the^nJ|gjhc*object makes witb 
the particular plane 'and *assumfng fresh vertical or horizontal 
planes instead of changing ifie positit^n of the plan or elejjralion. 
By this method m^re than one elevflitcwi can easily be 
shown frofn one ,plan. This is called auxiliary pro- 
jection. • • • • * • 

Rules for drrfwing auxiliary projections bjr the alteration 
of ground line are given below ^ 
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Ah' auxilivy elevation is the projection \)n any ^vertical 
plane not parallel to the principSifWertical plane. ^ 

An auxiliary pla^i is the pro_^ction on any plane w^ich is 
^perpendicular to the vertical plane but not par^jllel to the H. P. 

Rule !.• To obtaui the auxiliary clevafion on a new 
ground line A' project from the pla*n perpendiculai' to A"' V 
and.for the new* elevation mark* off onVprojectors the distances 
of lt»e points above A' }" ecjuul to ^he distances of the correspond- 
in^j points of the old elevation above A'K. I’he new ground line 
A* Y' IS drawn at the same angle with A' )’ as the object makes 
vfith the V. 1‘. for the new elevatioik 

Rule 11, TA obtain the auxiliary plaiv on a new ground 
line A" project 4rom’ the elev.iiujn perpendicular to AT' K and 
for tlie new plan majk off on the projectors the distances of the 
points in front of A'' J'' eiju.il to the tlislauces of corresponding 
points of the old plan m front of A' A P’ i-' drawn at fhe 
sairte .ingle with A* i'.ih the ohjecl makes with the H. P. * 
Silifon'i auii Di^i'dopmtnts ■ ' 

In many drawings the plan and elevatioff will not furnish 
all the «inforn)ation that is necess iry to constrycl the olijecls. 
'I’lift details of the intt'rttir arrangements are !e({ujred for the 
thicknesses of part,s an<J> for other portions which can not be 
seen from the outside, These are obtained by means of 
sections. • ^ » 

When ail object is cut into two portions the representation 
of the suiface-,t|ial w'opld, l)e exposed, when the portion nearest 
ta the ej^e is removed is called a ifclton of the object : the 
plant? ciyting the object i*? •imi^gined ti^pass in any rei^uired 
^ dirifction, ift order the belter, to* show its internaWorin. It is 
convenient for ordinary pr*>jection to imagine the culling ' plane 
either to fn.*’ vertical t)r hori/conlal. There is a difference between 
the sectional plan and elevation ^and the true shapf’of section. 
The sectiorjpl plan aod elevaiioni are the views obtained «by 
looking •vertically down ftn the horizontal plane or f^rpendicularly 
the veijical plaije. *^e«fue,sliape«of ser^ion is obtained only 
when the plane of projection is parallel to the cutting ^lane. The 
severed parts are indicated Hy section lines or seftes of inclined 
parallel lines. * * • , 

Thtt hes^ position for a cutting ^lane is perpendicular ^ 
one plane and parallel to the other as U givest the true form of 
section from wlvch melsurefiients laay be taken. 



PROJECTIONS. 


*9 

» . 

iThe of an oj^ject is a sectiolh made by S vertical plane 
cutting tltfe obj|ct in a*direction. perpendicular to its length*. A 
profile shows the true width of the different parls.*Useful in earth 
work. • , 

A^Confour is the plan of the interseclioh of a surface by a 
horizontal plane, .useful for delineating undulating or sUping • 
grounds. • 

Drvelopamnt ^ 

Th« surfaces of ill solitfs with plane faces and ‘also 
certaiii curved surfaces, including the cone and cylinder .can 
be developed^ that is unfoloed into one plane without ^ny 
wrinkling or stretching. This is useful in making objects jaf 
sheet metal as the shape of tke development is to be first cut out 
from the sheet to pi^vent wastage. • 

P'ive examples of harder projection to l)e ^rawn by changing 
fhe position of the ground line, />. by the jules of Alteration of 
ground lines. 

, 26. Draw plan, and elevation of a tetrahedron of 2" 
edge feeting on one corner, the ba8e,rait$ed at a!> an^ld 
of aO' with the H. P. and the axia in a vertical plane at 
46* with the V.^P. Pig.OTT. 
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is the height o(*.he point I) from the base, i^roject from^ and^ake 
CD In ficvation equal to DR Join DA,.*DB. Then I?AB is the 
elevatiod No. a* and the line AB/epresenis the^iase ABC which 
is t« be raised on A at 30® to tHeVround. Draw AB in /^o. 3 at 
30® with XY^and co[^ No. a on A«. Project No. 4 fronv No. 3 
^andl'lo. I. *rhe next elevation can be drawn without copying 
the plan No. •j with the Iine'lOt) (the plan of tfie«axis) at 45° with 
XY. Instead of it draw a new groun^lme X'Y' at 45° with XY, 
and. project froiA No. 4 on this new grt)(^ind line. The hi;ights of 
the points above X'Y' of the corner^ of the tetrahedron c^n be 
measured from the points of No. J above X\'. I he arrow head 
shbws how No. 5 IS viewed Only the f.ice ADC is seen as it is in 
front and obstructs the view of the pther faces. The lines AB, BC 
in No. 5 are dotte^l lines 

26. Projoot an octahedron with edges one inch long 
^ting on one Taoe on the H. P. The edge nearest to.tlw 
V. P. makes 30 with it. Pig. ?08. 


£ 
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The cfctahedrou is placed in plan* No. 1 as a square pyramid 
in such airay'that its two triangular faces ADC and, ABD may 
appear as two straight lines AC and AB respectively in elevatjon 
No. 2. .Th^ height a*A*of the octahedron is equal to a diagonal 
^EC of the common baa#f^ Jhe htight^a A is bis^ted and BC 
is drawn through (he ^int of Bisection. No. 3 is Np. 2 thrown 
on face aDC on XY. ^No. 4 is proje*cted from No. 3 and No. i. 
The line ED oner %dge of the solid is nearest to the V. P. and 
paiillel to it. This edge is to be turned a^ 30® with* XY. Take 
t new gr6und<ine XV at 30° with XY* and project it from « 
No. 4. The heights of the points in No. 5 is* obtained from the 
heights pf the 17 3 abovw XY. 
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ilp^jeot & tjAble with 4 square legs fasting on two 
legs anft the ot^^two legs that^jthe top 


• 27. 


e other two legs are so raiseo ^nat jure top 
Inclines to tlfe H P. at 80^. The table is then tinned tin 
the longer edges are in dertioal planes which make 45^ 
witli^beV. P. Pig. 209.# 



• Drae* first the plso^of the table with the iegf as dbited tioei 
No. 1 . From Ndl i, project No. a^uidiKit the heiAt of the leas 
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and the thickness of the top plank. The bttten piece* 1 ^ is also 
seen. N* 2 is ^placed as No.- 3 resting on t«tp legs and the 
othc^ two legs so raised as to mal^\the top plank incline at 30® 
with the ground. Project plan No. Then take a new ground 
line X'Y' at 45P with aY and project from No. 4 on tHis' new 
ground line. As many linos^ if drawn all together, confuse one 
another, it is aavisable to project the top4)lank first and draw it by 
taking the heights, of the points^from No. 3 above XV. Then 
project one leg and draw on gradually. 'The required elevation 
js Na 5. • 

. ^8. Project a sphere 2" diameter with meridians and 
latitudes and with its axis inclined to the H.P. at an 
angle of 45 * but parallel to the V.P. Pig. 270 . 
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ill elevation No. ^ as elfipses. Number a few of the p<«nts in 
plan and* put the same numbers .•(yi the corresponding pointy in 
elevatioiR Take a new groun^ line* X'Y' at 45® with XY and 
project t)il the new ground line from the elet-ation Nk). a, as plan 
is required to be dsawn. Take distances of the poyit from * 
in plan No. 3 eqtial to the^istances of the corresponding points 
in plan Nca r from XV. First finish the latitudes. To avoid 
drawing Plotted lines dravl the great circle of the sphere in plan 
No. 3^y projecting the centre ^ elevation No. 2 on X'Y* and 
measuring the dist.ince of the centre of No. 1 from XY. Whoqs 
the latitudes meet this outer circle the*/ can be drawm up to ihos^ 
points. Mark the pole, the •upper one. Join the points of 
latitudes passing thri^igh this pole for the longitudes, ending the 
curves on the outer circle. • 


29. Draw plan and elevation of a^set of three speed 
pulleys 2i If ' and 1" diameters, respectively, and thiok- 



Draw plan and devation of the flteed^JIey^ resting on the 
nm of the largest pulley and as seen tmm %ae side. (No* 1 and 
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No. 2>^ The middle points M, F and A of ihg faces^of the pul- 
lc]|^s in plan No. i arc the points in the elevation No. 2 
which are similarly lcilered« I'hg middle points O', H' and C 
of the elevaMon No.^i are the lop points 0 , H and C of {l.lan No. 

• 1. •Draw the s. nncirelcs .A' 1 KM)K on A'F the ist pulley, the 
semicircle l^'dUKI. on F’L, the 2 rul pulley aVid the semicircle 
AI'NOFQ on ^]'(^) the ^^rd [lulley for nndinf^ the poinU. of projec- 
tioh on the rims. I Vorn the centre po^lts of the faces c^raw lines 
at 45° upwards and downwards^ in the 3 semicircles to rut the 
4ECS. Project these points of the arcs on the faces and the points 
tSre. are obtained Draw a new ground line X'V' at 60° 
with XY then it will lie at 30° with* the faces of the pulley. From 
the points m plai? No. i project on the new, ground line, and the 
heights are taker* fiom the elevation No, 2 'I'he heights of the 
point.s AHCDF in »Jevation No. 3 are the .same as A'P'C'D'E In 
elevation No 2. ‘I’he thickness CC' in No. 3 of the pulley is 
obtained byprojerimg C' in plan No. t ^in elevation No. 3„and 
se'tting this mea^ure4nent C('' on lints drawn parallef to X'Y* 
from the points A, H. D and E ,Af elevation No. 3. Tliick- 
nesscs of the other two pulleys are similajly obtained. It is 
necessyy to project only one thickness 

• 30. Preset a heli« of a given pitolf on a vertical 
cylinder- Pig. 272. • * 
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I The pitch i| the distance between two ti^ns of heli)( 
nieasurefl parallel to the axis «f*the cylinder. Take the pUch 
of the h«lix to he one inch an(||the dtaineter of the cylinder, ij*. 
Draw a^ch-cle of dia showinjj; the j>lan of cylAder, No. i, 
Divide thti circnn^‘rencc of circle ^o i. into 1 2 e^ual parfi for 
the 12 equidistant point| on the helical curve. Project the 
elevation if the cylinder, No 2 ^and take ‘'paci* t>f on, the 
side of iP. Divide one syface into 12 equal parts and number 
them from 0 to 12. Draw linf% parallel to the j^round line (tom 
these points. Project from the points o to 11 in plan No.* 4 
and where the projections from the points in plan, interscoi 
the corresponding parallel in*the elevation, ar^ the points in the 
curve in elevation ^’o. 2. Join these points. 'Phe curve from 
o to 6 IS in front and so drawn firm and l^om 6 to 12 the 
curve i.s on the back of the cylinder which is:draw'n dotted. The 
3rd figure is the development of half of the helical curve. Take the 
disti^nces 01, 12, 23, 34* of the circumference* in No. i on t)ic 
'ground Tine as 01, 12, 23, 34, ike and draw^ perpendiculars from 
these points where these infvsect the corresponding horiijontal 
lines from elevation No. 2, are the •points of the developed curve 
which is a straight line in this case. * 

31. Project* the curve of a he!ix of a given, pitch 
on a given vertical cone. Fig. 273. • 





rf)raw a circle representing <he plan ofTbe cone, No i and 
divide the circi4p)ference into i| parts. J^rojeijt the elewition, 
No. 2 from plan No^. Sitppose# theTe* are two turn^of the 
helix on the •whole hejght. Bisect the height and divide the 
lower half into iV equal parts. Join *lhe po4qt| of the circum- 
ference in plag No i i^th the centre. These radial lines are 
the lines on the surface%>f the cone from the vertex tn the«{^ints 
♦ in flit base. Project ,thesl fines on the elevation, No 2 where 
these lines meet the corresppoding boriAmtaUiaes, are the pointi 
the curve in elev|tioo No 2. join thlkp (%ints for the Curve. 
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Tht doveippment of this corve will be shovm in the portion ’ 
dealing with the subject. < • 

32. Project #w thick 'wire* woundup into a jielical 
^ ourye or s|ft'ing. Pig. 274. 



This case differs from Prop. 30 fig. 272<ir1Wving a thickness 
for the curvft turning up a cylinder instead of a thin line. The 
tbickneSB hs^epres^nterJ by two parallel curves touching the 
circumferences of small circles representing the circular section 
of the thick wire. * ' ^ * • 

• In plan draw AC the ' diameter of the^ cylinder which 
envelops ,the helix. Take AD and FC on ' the two ends 
represenlinf the * thickness of the wire or the djameter 
of its Section. Then DF ^ the diameter of the hole 
ofthehelik. .* • « 

l 3 taw ABC an^i^EF sennicircles for^half pkin. B^sect AD 
and FC%t 1 and*5 respeftve*y and draw a semicircle on 15 
reprinting the half plan^f the loCus of the centre {mints of the 
sections of the idw- Let oA be the pitch of the helix in elevation 
No s. Divide ad into S equal parts i e, many • pans as the 
dfcumferenre of the plan is divided.< half planes drawn 
4.tfftti<ms are shown. Mark the centre points in the plan as 
I, St 3 ^ add profi^jt fi^ these centre points to intersect the 


PROJECTIONS. 


n 

. • t ' * 

^horizontal «liaes from the correspondfing fioints in elevation. 
’Points 7, 8, coincide with the projections frem thtf points 
4i 3f ^5^ 2 respectively. I)ra^# circles from these points in 
elevatioji pf diameter e(}ual to llie thickness the wire and join 
the circumferences of these circles by tangetitial curves as shown 
in figure 274. , • •• , ’ 

33. f reject a; V threaded screw V" pitch and Ji inch 
in dept^i, cylinder 2;i ip. diameter. Fig. 2?6. 



Cylinder is the rod from which iHt screw is cut and its 
diameter is the diameter of the cylinder. Draw twii concentric 
semi circles ABCD and PEFR representing the ffalf plan of thp 
screw., AP and RD ^re the depths of the thread oij the two 
sides. Prpeej ,ihe elevatiop aftd ta^ctf aif, be to be two c^n* 
secutive pitcif of the tetew. Divide the semi circumferaoces 
of the plan into 4 equal pafts. Divide one 4)itch in* elevation, 
No, I inua 8 equal parti and draw from ihese^p^ints linef 
pa^llel to XY, and projecting from the« poinu on the ootfir 
ciroumfjprence of the plan, find points in *the elev^liorw of t)^ 
outer helical Surve and jo^n these QQinl^ The curves duf, h€ io« 
elevation rqpretentingf the edges of the v threacT are thuAbtaiiied. 
Join the points b*€ and c with tlie points in the projeiitiooa 
fiom P and R, 4 ^visions up and down fbr <be lidei of th^ Y 
Hnreada. Nbw the curve of the root of the thread is to be 
dMtwn. THb inner helical cujve is comnseticede frod •K tbo 
4th point in the pcejectioo from { and ends in the 8th polbt 
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in the projection from R. The other^ points are found by , 
projectiilg fronitthu points in the inner curve of rtie plan. 

^ t • 

34. Project a square threaded screw depth inch 
and pitch hmch. Cylinder 2i in. diameter. Fig. 2 /6. 



• • 


Square threaded screws have th^ same thiclcness'^of thread 
from the root to the^utside and so tvVo parallel helical curves 
are to bedrIWn showing the thickness of the thread ct the edge. 
Part of the inner cylinc|pr is seen asjthe spaces are of the same 
Ihickne^ frftm the edge |o the root.* The pitch ar in elevation is 
bisected in is* the iiiiqjrness* of the thread Ad ^r^is the 
space. The outef helical cun^s are*first dVawn fronj the points 
in outer semi-citcle c4 the half plan No.# i. The inner 
curves in elevatiorw>fe t are commenced frqm the points in the 
horizontal lines Nos. o 8 i6 &c. of the elevation* where the 
projections from the ends of the diameter of the^nner cunte 
n Na 1 meet * * 
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35. Draw the elevation of a rouhd atairoeuse, th9 
*6nclosure wall* removed, showing the step^ and Newel 
pillar. Fig. 277. 



Ae Receding problenj^ of helical curves explain the 
method of drawing the elevation of the rftpnd stair sase. N is 
the new«l of ti^e staircase and the steps^ommence fronf ah in ^ 
plan, the fronts of tl^p first*two *8|ep#eir(<rhoi jeen in ffevatioo. * 
The lower •helical curve gives the thicknets of the steps. The 
front parts of th^ 3rd, 5 th, 6th, jtif, steps jn the 6rst turn 
15th, i6th in the fnd turn are seen as rectaftgles. The inter* 
s^tioD of tlu lower f>lane with the newel is seen in twot places 
pt^and q and obtaiired a? lielical curves. There 12 ifbps in 
one turn. The steps 8, 9, 10, of the 0 j'st, turg and so, »f 
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Si 21 of the 2nd turn are completely hi< 5 den from) wew. It is^ 
a good ^xercist^for the students.^ ^ 

* Examples of sections ^ / 

36. A \;ube 11" aides stands on the honzontal 
* plane, two gf its vertical Jaces are inclide^ at 30^ to the 
V. P. The cube is cut by a plane which is perpendicular 
to the V. P, makes an angle of 60" with tne H. P. and 
passes throu^ the oentre*of th^ top face of tha cube. 
Draw the plan, elevation and true shape of section. 
Fig. 278. • 


a” 



SectifHia] planes making angles with both th</ plan^is fof 
profection fall under <-xiescriptive ageometry problems and e^r 
<«olved by the *simpie rules of projectioi}, Here only 
ca|M will ^ U^ain ^ilhich. the ,'aectional planes are 
inclined to one plaice only and are at right angles to the other* 
3 ectioiuJ plane can then be easily irawn*as it will appear 
ai a atraight line dif the plane to which it ia perpendicular. , ; {I 
lo probjipm 36 the sectional pla^e^is 'inclined 60® to the 
R* F 'anda line drawn hom ^^the centre of the top face in 
ek%atioti at ar angle of #kh XV represents it Obtahw 
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first the« centre point* a in plan and project it on the top line 
of the elevatloif as A. AliC is drawn at 60*" witft XY. Project 
the pomts A, B and C of the ef^atjon on the plan The poirtt A 
gives two points A' aAd E'^ the ptojcction^from point B 
passes through the corner B'.and D'and C' oblained*from C^'B'* 
CT)'E' is i ho plan of the sectibTi. .The corner of the solid 
beyond t^e line E'C' in |l1an and the portion on right of the 
section* line ABC in gievatioi# are dotted as they represent the 
portion cut off. For true shape of section draw a line from 
/in plan parallel to XY and nArk the point where it cuts A'E\ 
Draw in elevation a line /' parallel to ABC the sectldn 
line and project on this line bom A, B, and C. Take mcasuit* 
nients on the two sides of /' i,''' equal t® the distances of 
C' D' E' A' ai)(f B' from / in plan.. Jc^in the points thus 
obtained and A" B" C*' D‘' E*' is the true shape of the section 
whose plan is A'B'C'D'E'. * 

^ 37. The plan of a tetrahedron ie given (side 1 inoh) 

* resting on tne H. on one face and 'the edge nearest 
to* the V. P. makes 30* with it. Draw the elevation 
with the section made t)Y a vertical plane parallel to the 
V. P. and i an iboh from the nearest corner of the plan. 
Fig. 279. 


V 



Draw ,in * eqothiteral tHAngie.*ABC rmctcnt the *lower 
face of the tetrabedroif with the side AC at 30?^ with XY ; then 
other ^ AB ViU at right angles to it /^ompkte tht 
pMn of the tetrabedroo and (nojedt its etetation. Hrn 00 
tectional plane is a vertical plane ancf so ft ^ he drawn a 
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. • • « • 
Straight lyie in plan. The line a'b'd' in plan repre^nts the 
sectional plane •parallel to the P. Project the points a'b'd' on 
the Elevation and the triangle; a&d in elevation represents the 
sectional part^f the tetrahedron whfch is shaded. • • 

• 3B. A cylinder (dia. .of :base 1 incht ht. = 2") has its 

axis parallelTo the V. P. It rests onthe rinf of its base 
which makes 00’ with the H P. *Draw plan aivi eleva- 
tion* when it is cut (1) by M. horii^ontal plane passing 
throjngh the middle point of the higher end. (2) when 
it is out by a vertical plane mfiking an angle of 45* ^ith 
therV. P. and passing through the middle of the axis. 
Pig. 280. 



Noth: 4^lion \ cylinder cut by a plane perpendicular 
to.the axis is a circle, and by a plane inclined to the axis, is an 
eliptical figure. • • , , 

^ • In case* 1 . The sectlofi lirte is.ta4cen in ih^ ^lev|tion and 

the sectional surface is seen on plan wljich is the title shape of 
section as dig section line is parallel to the ground. The doited 
semicircle H)n one end of the elevation is for obtaing if linel on 
the surface to find poiints in the cjirve of section for projectiqp. 
The inner curve of thd eliptical fig. on the plan on the right is 
tiotted, thj outer djie is • , • * 

^In case II Thot section line is lakep In the plan and the 
sectiofial surface is jgen in fhc elevation reduced in length as 
the sectional plane is inclined to the \*. P. Thq portions of 
the cylinder i^pmoved by the sectional pldbe is di;|wn dotted 
The poftions of edge lines of cylinder in plan pn the right of the 
section line aredottedy * 
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S 9 . <rtie plan an'ti elevation of a pentagonal pyramid 
• is givep. It i6i(l) cut by a plane inclined V) the g:round. 
(2) out by a plane inclined to the V. P. Draw plan and 
elevatten of the aectionaJ pyramid in the two oases. 
Pig. 261. 


0 



The two hgures show the construction cl(*arly. Jhe plan of 
the py^amidj^a regular pentagon is drawn first. Fig. 80 pt^t I gives 
an^asy construction of a penjagon on a straight liM. Where 
the sectional plane cuts the slant edges of the pyramid ^n the 
elevatioft of Ase i *are jyojc<?ted cp r^pective lines in * 
the plan. Jhe point in the 5th fine can not be projected 
correctly as it is very close to the a»s of tne figure. It is trahs* 
ferred by a horizontal Jjne 5'p on the 4ih lin^*ni elevation and 
the point p is projected in plan on the 4th line. It is transferr^ 
in4|>lan by aH arc of a cirsls on tjie 5th line. • * • 

Case 11 requires* no explanation. • 
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40. A cone stands with its bafee on the horizontal 
plane. Draw «plan and elevation when iH is out by a 
plape (1) inclined to the grroand at an angle less than the 
nase angle of the cone. i6) w^en the cutting plane ie 
parallel to a slantf side of the cone (3) when the cutting 
4>]ant makes a greater angle than the ba^ angle of the 
cone. 8ho\)^ also the .tru5 shape of section of the 1st 
case. Fig. 282. 



• Cass I, The section is an ellipse. Imagine 12 slant lines at 
equal distances on the sigfalt of.lhe cone cut by the sectional 
• pljfhe at 12 points in the curve of the section , Tly^se points 
are projected from the elevation wherq they are first obtained, on 
the respecti^ line! in the plan and joining the points, the plan 
of the sedWon is obtained. In plan the 4th and ioth<* points are 
obtained Iw project^ the point of the middle line in ahe 
^devaddb to one side .as p and projcctmg it on nlan apd then 
ttansfernug it by an arc tfVciiple to the middle line (4, ip) m 
plan. 'Hie true shape of section is obtain^ drawing » 
Um iJkrallcl to 17. t^ie scctibn line in the efevatidn and projecting 
oh it the different 'points in the section dine. T^e distanc^ 
on these projections on both sides of the line ^ual to w 
disunies o( the conwpondlng. poinW in the pi* from n» 
line 17 in plam . , * 
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Case II. ffhe section is h parabola. P.vt of flie base 
is cut by tbe sectional plane. Tbe points are first obtained in 
the sunace lines in the elevaiiorf and ^hen prmected on the 
correspondint? lines in plan. ^ ^ 

('ase III. .llie section is a* fiyiverbola. Paft of the base 
is also ru^ by the sectioftal plane. .\s the inclination of the 
sectional plane is ^reaper thaif that in case if the plan appears 
tbJni^er and in the maximum c^ise it will be a straight line. . 

41. A cone lies on the ground on its slant side, it-is 
cut by a horizontal plane passing through the middle 
point of the upper slant tiide. Draw plan. Fig. 283. 



* a d is the sectiop line In the elerllioh. Dr&tr ^ dotted 
semiciicle oot AC and, divide ^le semicgcumference into 6 eqiud 
parts and from thesetpointl dratv )Mffp^dicutirs to AC. Join 
these poiiAs with t|;ie vertex V (cf the lurface lines which are 
cut by the .sectional plane at ^ b, c, d, project the points a, b, c, 
and 4 on (their respective lines in the plan. The points thus 
(^ined idaplan whA j^iQcd gives t^ie pkn of thg sectjpn and 
if ts the true sluvpe of the ^ectiM as the sectional plane is 
hodsontal 
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42. ‘Given plan and elevation of a spCiere. It is cu 
L plane (1) perpendiculanK) H. P- but 

(2) out by a plane- inclmed to the H. P. bat per 

pendioular Ao tne V. P. Fig. 284. ‘ * 





Draw a ^effftev'cle on A E and divide the semicircumference 
into 4 equal parts at the points b', c', and d'. From these j^oints 
draw per^iendiculars on .tljV s^i'tjon line! AE meeting it at the 
. poibts B, C and 1). The points A add E are ihd* circum- 
ference of .the plan which in elevation is the diameter of the 
circle. Project from’ the points A B C 1) E in pl^n on the 
diameler the elevation and oy these projections measure 
distances Cc Ddr^n both sidei of the diameter equal to ifo' 
fc' and *04' of th** plan. , From npar d to d in elevation thC arc of 
the sphere^is doitei The ft^tiwal plane Kouches the circum* 
fereqee in points obtained bj^ projecting from the goin^ where AE 
cuts the dia. of the^ plan. 

Case II, The sectional plane is inclined to the H. P. so 
it is fir^t *drawp in elevation as A E. &mw a semi-cifble on A E 
for the points on the circumference of the section. Divide the 
semi-circumferehce iutd 4 cfiual patts at b, c and d and repeat 
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« the conslructio^ of case 1. 'rhe circumference of the^levation 
is the diameter of the plan. * 

43 » Given plan and .elevation of a sphere ; it is out 
by a jfl^e inclined to the H. P. at S& and to the V. P. 
at 60 ’ Pig. 28 ft. , • • 

• * . • 



Here the sectional plane is inclinecl in the ffont and can be 
easily*drawn first in thg side elevatiei in which case t^e plane 
appears |S straight lint; No i the side elevation of the 
sphere and the sectional plane is shown the line 1-5. • The 
plan of the section is oTitained similarly tlo cast; I of the last 
problem. 'Uo. 2 is the plan of the side elevation that gis of the 
with the section luijied <p°. T»he form of the .section 
depends only on the inclination of the sectibnal plart t9 H. P. 
Turn ?fo. 2, to t«ke it^ prc^r as^s’o. 3, apd project* 

from the points in* the curve bf secljor^ in No. 3* and the 
corresponding points* of No. i for«the ^ints of No, 4*the 
elevation irr its proper position. This is 'pwperly a case of 
Descriptive •geometr)i solved by the rules of ordinary projection. 
M No. 4 life portion erf Ae arp of circle (4, 5, 6) tbove 4he sc^ 
tional plane is dott^. 




^ The J)lan N<f. i ^ tb|t the^uttinj plane" A B is 

parallel toX Y. The points in*lhe sectional elevalioij No. 3 are 
^hd by ptojectintt fromathe points in plan No. i and measur- 
ins their respective heights from No. 2. Ttie point d is projected 
on the elevation of the line hn from o the v-irtex of the pyramid 
Parts 4Jf the ri^t fide of the„ monument appear# beyond t«a 
eectiooal plane. , . 
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> BxamplM of J^RvelopmeDt of surfaces of solids 

44. Develop the surfhceci of a cube of edtfe, 
Fig. 287.. . * 

■ • * 



Draw akd a square as the base of the cube. Produce 
and cd both, sideways and and 6d lx)th up and downwards. 
Draw one square on each side on the bufi^aMr for the four sides 
of the cube and one square below the lower S(|uare for thfe top. 
If the paper is cut on the dutside lines and folded on the interme- 
diate lines, a cubeTan^asily be formed* ^ 

45. Develop the surfaces of a tetrahedron 1* edsre. 
Pig, 288 


44 





Draw an tquilateraf triangle ak for the base of the tetra- 
hed^n. On tjje three fides^of the triangle draw 3 tnpre equila- 
teral triangles for the 3 fa&s of the tetrahedron. Inhe p^per 

4 
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be folded on ab^ be and ca an‘d the three eqijateraf triangles *re 
tailed by their 3 vertices Vi*T, and V, then they will meet at a> 
point Vo |nd forrma tetraftedroit. • • 

* 46. develop the eurfacaeofa peaitjigonal pyramid 
edge of baae H\ height of axis Pig. 280. ^ 





^ Draw a regular peptagpe ahede for the base of the* pyramid. 
Find the centre of the pentagon v,, and join ^ with one comer 
^ of the^pentagftn. Draw v*h perpendicular to v^,b -apd make 
it «equll to the height of the pjgaraid. Join hb. Then. ^ is the 
length (t the slant edges of tile pyramid. From two ends of 
each s^de of bjise diVwc8*<^ radiui intersecting in V„ V,, 
y^i V*, Vj, and join these points with jhe r^pedlive corners of 
the base. The^e faces of the pyraipid will be obtained. If 
these faces are raised on their bases their vertic^ will meet at a 
poi&t the ^ojection of w*hich«s Vo*tdt centre of t^e pentag^ 
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48. . D6vel(f|) the surfhoee of a oylinder. tFig. SS80. 



The cylinder is given in plan and elevation as Nos. i»and 2^ 
Divide the cijcun^fercnce of No. i into t2 equal parts. Drai/ a 
straight line and measure on it 12* times a division* of the 
circumference, then complete the req^angle /i/ for the develop- 
ment of the curved surface of the cylindai^by takingf the height 
height of the cylinder. Draw twocircies o^thtf diameter 
of No. j one touching ^ the top line^^f the rectangle and abpvS 
it and the^the^ (puching fnd t!«!low*it*for the top and*bottogi 
planes of the cylinder. • • 

49. D^alop the eorfaoee of a given oone : . 

• The cone is given in plan ?i) and elevlpon (2). ^ivide the 
circumference r)f the plan, the base of the corje, into i2*epual 
parts. . ^ 

Draw an arC from any conveoi^t poigt v as centre erfth 
radius equal io the sla^ side of the cone in elevation, and set olF 
thcT 12 parts hf the drcuafereoc^ of the base on this arc« Join 
the two last points With the centre. IThe ^tor ^ is the 
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lopmeflt of the curved surface of the cone. • Draw a*circle of 
lus equal to that of the of the cone touching tf\p arc and 



outside the sector, for ttie base of the cone. 

, ^®velop the surfaces of a w#dire, the two ende 
or wmoh are iaosoaiea triangles the length of its baae is 

Mi ^ ^ong. 



A 5 


A - r 

‘The pW end elevation of the wedfee is given i5 Nos. i and a 
ABCD the Nse pf t^e twdge i** x {'and the edge EF is 
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Idi^. •The, flight of the wedge is Gll shown in the elevation; 
it is not the real altitude of the tra'pezium AEFB iQclined«to the 
V. P. from its base AB. For the^idevelopment draw a rectangle 
n^sABCDthe base of the w^ge. Take Htf in AB No. 2 equal 

* * BC * • 

to half the width o^ the base f.<r. ^and join gG. From the 

middle points of and 4^ draw and m at right angles 
to them and equal to eG. praw p%rallells through-w and m, erujal 
to EF, and bisected by the joints f and m. Join the ends with 
Draw arcs with ihesw slant edges (M) as radii from 
the points b and and d and a ; join be and nd with the points* 
where the arcs intersect. Then the triangles thus formed as* 
{beg) are the end faces of the w^dge. ^ 

6L Show development of the oqrved surface of a 
cone with the section line of an ellipse. FIfif. 293. 



^raw plaif (i) and elefation (0) of a right cone Ihd df®w on 
the elevation the seclibn line of an ellipie. Draw a^MCtor for the 
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develcmment of the curved surface of the cone the' slant 
side of the cooe as radius and set off the 1 2* division^ of the* 
ci^umference of the base of tk€ cone on the arc of the sector. 
Join these points witfi the vertex o^ the sector. In the Elevation 
(2) transfer the points 2, 3, 4, 5, and 6 on a side line of the cone 
for ‘the true, distances on the respective lines in the sector. 
Transfer these points on the respective lines in the development 
and by joining 4 hese points the^levelof^ment of the ciirve of the 
ellipse is obtained. 

52. The development of the curved surface of a cone 
is given with the chord line drawn. Draw the plan and 
elevation of the cone showing the line. Find the length 
of the shortest line on the durfaoe of the oone starting 
from a point in the base and coming baok round the oone 
to the same pc^^t Fig. 294. 



No i' abc is a ^ector^* it is i,he development iof the curved 
surface Of a right ‘cone ; afris joined.' Bisem the arc of the sector 
and divide one of thd halv^ into 11 equal parts. ^TalUe a line On 
(No.* 2) and m^ke it equal to 7 divisions of the devt/oped ztc. 
Take another line in plan equal and partllbl to it i^raw a circle 
on thi^ line diameter. Pjroject the ends of the diameter, on 
XY meeting it at O and ii. With these tfo points on XY as 
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cgnires, ana wuh be or ac the. radiu? ol the sector as rodiui 
intersect arcs for r ilie vertex of th^^one in elevatiod. Set off a 
division the arc of the server orf the seijji-circumferencc of 
the base, it will conje exactly ii times. Project these points 
on the base of ‘the elevation, and join them •with the 
vertex, for inclined lines the |urface of the cevre. Measure 
ir, 22, j3 &c the distances of the points in the chord from the 
arc of the sector and place th^m first on the side line of the 
cone in elevation from the base, and transfer them to their ^ 
respective places on the surface Tines by lines dr|wn from these 
points, parallel to XY.* The chord ab of the sector will then 
ap[^ar as a curve line found by joining the ppints last obtained. 
This is the shortest line on the surface of the cone from a point 
iit ba^e and coming round to the same point.^ 

5&. A point iff the developed ettifaoe of a 

oone ; find its pqbition in plan and elevation of the 
cone. Pig. 294. ^ 

• • 

Let p be a paint in the sector ab£ ^he developed surface 

of a cone. Draw plan and elevation of thd^cone by the preceding 
problem. Join c ^^in lhe*sector and pnjduce it to meet the arc 
in the point d. Take^the distance of the arc b d op the base 
of the cone as o d and Join d with th^ centre c of.th%ba8e ; 
project the point d on the base of the elevation as 3 and .join d* 
with the vertex c in the elevatiifp. ^wksuxe d p in tbd sector 
and place it a side of the cone in elevation from Ihe 
base ; tr^nsfer^he point p' by a line parallel to* XV cm dc and 
the ^sition of the point p ii^ elevation obtained. Project 
this poin^ in the elevation on the line dc%\ the plat an|J the 
point p is found in plai^ • * ^ T * ^ 

64. D6^1o|> the (^urfaoe of a cone with a helioal curyp 
on its surfoc^ i^g. ^296. * 

Draw plarrand election of a cone as Nos. i and 2 and draw 
one^tum of S helical on«the elevation (2) bf prop.* 30 
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Fig. 372. Devefop the surface of (be cone and draw in tb< 
sector* the le surface lines of^ the cone. M&sure the disUnces 



of the tx)ints of the heltcj^ curve transferred qn one side line of 
the cone in elevatrou from the base of the'eone No. 2. and place 
them on tne respective lines in the sector, the development of 
the sufface o^ the cone.* By joining these points the development 
• of one* turn of the helical ^(^vrue is found. (No. 3). 

, 65 . • Draw the tieweloplnent of a tin fjjnnel, the upper 

pqrtion of which is firustum of a cone, the? lower portion 
18 a cylinder. Fig 206 . « 

The*tin funnel is given in elevation as abc^f^ onr the line 
a/of tne mouth of^he funnel djaw a semicircle for the half rim 
of tj»e liouth, arrd on cd the* base of the cylindrical portion 
draw another «emi oirde. l>#vide the serfli-circiimferences 
into 6 ^ual parts. I^r(wuce•a^ an (3 fe ihfe two sid^s of the mouth 
ef the funnel to mfe'et at in No. i the^ elevation, Wijh va as 
radius and froMv v any other point as centre draw^an arc for the 
development of the frustum. From ,v draw •vf the middle 
radips of the sector and. set off oa^the arc 6 limes on ^gach 
side a division of the s^nrMcircuraference of a f (No ,1) to find 
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a a the*twb ends the arc. . Join aa with v and meatnie a b 
on them eqtftl to ab of No^ i. With v as aentre 2 nd v ^ aa 



radius draw ^no^her arc for the development of the other end 
of the frustum ; join b b and produce. l/Ct'b be the middle 
point of b b. From e set off a divi^on ol the 9emi -circum- 
ference on cd I No i) six times on each side of it, to fipd the outer 
polhts b and b Complete ihe Ttctapgle c b b c iax 4he develop- 
ment of th» aylinder bedet ‘ 

• , * 

56. Find the development of the surface of a sphere. 
Fig. 2g7. 

^ A quarter of the sphjre is showrv by the 8cm?-cirde a a a 
(No i). Divide the arc of the semi-circle into geqt^l parts in 
a, at a, ^fc anc^ draw^ from thcjp«point?‘ lines perpendicular 
to the (Jiameter fbr the* point? bt c,*d, ^c.‘ Let p be the centre 
of the semi-circle -or the pole of sphere. With p as centre and 
radii pb^ fc and pd^ draw 3 more semi circles for the plan of 
the 4 divisions on, the surface of the quarter sphere. Bisect 
*the division a a of the circumference in m and join/n P. Oti 
a straight line set off 8 s^cesjsach equal to one distance a m 
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^ lh« circumference and bisect each of these divisions. ^ From 
Ihe^ poiifls of •bisection draw Jines perpendicular to- the 



straight lintf;*on# these* perpendiculars set off the distance a a 
4 titrtes which gives the development of the lines m p on the 
surface of thie sphere. *•**#* * * 

• ftraw three lines parallel to the* base throii^lj th<f three 
intermediate points on the perpendicular, and take half the 
distance of cc anb (/d and place them on the two sides^of 
the pcrpendfculars on the three lineSj to get the points o c d on 
each side of ^he perpeddiculars. mine the top point as p.^ 
Iqjn/rfr15aon the, two r^es of e|ch perpendicular If these 
8 semi-lunei be joined on curve linej bringing all the 

points j) together a quarfcr sphere is obtained. This is*dividing 
the sphere by /ww|.^*To of5tain the division of the surface 
by horisomal slips as zones produce pa ttie vertic^ line in 
No I to n. Jojn the two points of the yd* zone a* and* 
produ« fi> meet pa product in'* v. with \ as centre and 



va, and ra«; as radii *draw twq arct'to nte^ pa product in Q 
and n' and then%a ^ is the development o( quarter of the. 
3rd zone from the middle. *• • 

oylindrioal plp6 turned at ^an angle Of 120* is 
to be formed oat of a eheet of metal meammoff • 

The arma of the pipe are to bebquaUy long.* mow%ow 
the sheet metal is to be out Fig. 290. 

• • • 
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o\* • * f * * * 

line equal to ^ • 3*' parallel lo xy. ana draw a circle on it as 

• 3 * • 

diaoieter. Set off a division of ^ 1 2 times on this circumference 


arid draw the elevatior^of the dyiinder with the lines on its,lyrface. 
Bisect the middle line m m at p and through p draw a section 
*ltee tBE at #30° with Xy.« Transfer the* l^ights of the 
lines on the surface of the cylinder insthe elevation intercepted 
by BE to their respective places in tl^ rectangle wh*cj) when 
joined will give the development of the section line. The 
• upper portion of the cylinder if turned 180° on its ax*s in- 
elevation to obtain the bent of 1 20^* 
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ISOMETRIC PRbJpCXlON. 

TUe principles of •isomet*ic projection Enable the three 
dimtyisions of a solid to be shown by one drawing, whicl], in 
appearance, is somewhat similar to a perspective representation * 
with the additional advantage that the actual size of the sohd 
can be measured direct from jhe drawing. • 

(This system ^of projection was disco\%red by Professor 
Parish of Cambridge, about the year 1820.) • 

It is well suited to show the forms .and dimensions of all 
rectangular solids or solids bounded mainly by three systems 
of»pl;^^ies mutually perpendicular, such as examples of wood 
work &c. For this pr^ection only one drawing is Vequired 
instead of severjfl, • • 

In Isometric projection, ‘which is a particular case of 
ordinary projtjr^tion, the object is always in a fixed ind con- 
stant position with regard to the pl*ne of projection i. e. the 
H. P. This position is such that th? three principal* axes or 
edges of the object 1[as length, breadth and height of a rec- 
tangular prism^ sh«ll be equally iritlmed to the H. P. ; and all 
straight lines parallel to them are drawn in proportion to the 
same scale. Its principle is based oij ifiy proj^ctiOnaof a cube.* 
If a cube be made to rest on one corner upon the, paper,* so 
that % diagonal of the^olid is v^rti< 5 fl, iig plan will be represented 
as shown in ihe following figure.* * ’ • ^ 

The three edges oT#the cube (A B, AC, AO) terminafing at 
one# end ^f the solid diagonal (A) are all equally inclined to 
the grouna and consequent)^ are equal in length ir^ plan and 
lliake equal angles between themselves three top 

faces •of th# cube are ABQf), ABFQ and ^CEoT 'fhe thre« 
lower faces are atCE, ^FDB» aft(r**GBF> As tllfc plans of 
the three *top faces ^re similar and gqual figures, they are equally 
inclined to the ground. All the other lipp) of the cube are 
parallel anc equal t(f one or the other of the three edges AB, 
AC, AD. tThe fig8re^i% easily copstructed at Itne^ BG and 
BF make angles, of 30® wifh the projector from B'. Draw a 
line tlirough B in plan perpendiculd^ to XY* which is the start- 
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ing lioe^of the figure and BA the edge wl^ch is* at right# 
angles to the *ba$e aGBF is |)^rpendicular to this line. The 


A 



t 

figure starts from the point B*whkh is in# space and not from- 
n which touches the grbifnd. •Thft lines which ^re parallel to 
* BF and BG i. e. the lines forming the taps and bases of the cube 
are drawn *^>31811610 to them, and tne lines representing the 
heights (i the cube as GC, FD. aE are drawn parallel to 
BA. 'The base of the cube is fcclined at 54^*45' to t'-e 
ground.# 9 

* The iigure egn ea^iy’^bc Jrawii by fwo set squares one 
of which must have and 30® angles. Fig 299. 

The above reasoning only strictly applies to oblong solids^ 
having solid right angM comers, but tfje same ^nstructi^ 
can be very conveniently applied to inrggular solids and soHCs 
with curved surfaces. 
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laometHo B(^e t ^ ^ ' 

Referring to the precedifjg projection of the cube it will 
be seen that the lengths of thck edges of the cube in the iso* 
metrit tiew can not be equal to their real*lengths as they are all 
inclined to the giDund, ,, ^ • • 

Thg projected length of the edge a'E^ma'H HaE in plao 
i e length of ad e dge J^a^ ^ 

• its projected length • aE A'E' • • 

solid diagonal of a cube 
, face diagonal * 

'ITie two -triangles E'a'H and E'A^' are similar as the 
^ Z A'EV and Z E Ha' are right angles and ZiE‘AV*»EVH. 

But a'E' • edge of cube say= 1. • 

E'A'= diagonal of a face - -/a 
and E* A' = solid diagonal of cube- ^3 ^ 

• Actual length*of a lin*^ ^a'E'_a'A' _ 

Us isomeiri(?projection aE* ” A’E ' ^^2 

The reductionun the scale of the isonjetric is— » '8i6 nearly. 

1st method of drawing isometric scale. Fig. 800. 

Draw a iTne of any lengfti, afcone end^<^of draw a 

perpendicular be equal to 

• atk Join ea. *Then ca is 
the face diagonal Sf a 

• •cube. Produce ba to d 
making bd^ac ^n<f joiw 
dc jhen dc . is the solid 
diagonal T)f the cube. 

- . ®“ *•** 
^ V • db IV* 

isomttric of dc is db. 9 tt 

2 ^ ^ off Any seal! on dc and 

from the different divisions 

draw tlines perpendicular 



300 


to db^ then the di/isions on db will be the isometric scale. 'The 
sicale coed is the na^usal scale and that on A* is th^ isometric 
scal^ Fig. 300.* 
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2od Method of drawing: isometrio joale 

The square face A'C'E'D' of^fche cube is projected isometri- 
cally*as ACED' a rhombus *. e., the 
line A'C' is §rojcctec> as AC' in tRe 
marginal figure. The diagoq^ C'D' 
and distances parallel to it Temain tin- 
changed and the diagonal A'E' is 
shortened to AE in the raticf of 

*a greater reduction than fl.v, 

iscmietric reduction of ^ , It is 

called the minor scaie. The isometric • 30i 

lemith of A'C' —•AC'. The angle ^ 

/C'A'A=45®andZ. A'C'A=(45-3o)=: 15®. 

Draw a line Ail of any length. From one end A draw a line 
at an aeigle of 15° andfrdtn 
the/)ther gid B, another Ime 
at with AB ; the two lines 
meet at b, 'Hien the isometric 
of AB is Ab. Set off any 
scale from A* on^ AB and 
from the different divisions 
of It draw lines parallel to Bb then the tiivisions on Ab is the 
isometric scale. Fig, 302. • • 

Isometrid Projeo^ion of a cube is given in fig. 299 
Mid ieonKttlo ^oale^ by 2 xhetbods are shewn in flgB> 300 
and 302. . 

>loTis*:-7-Isometric sijide Ts ordinarily used : The ffgure 
«is (Jtawn hy taking measurements ftom the natural scale ; its 
effect to nyike the figure appear largtT but the similarity of 
form is retained. * ^ , 

58i Iflometrio projection of a box without a lid. 

Fig. 30?. ^ • 

‘ Draw the outside of box cABn)I*Xtl by inoving and 
turning a 30° set square in’contact with*the lobg edge of 45*^ set 
squarCvpiaced with that edgq, horizontal, and touching tlie starting 
point Place the thickness of planks on th^e top edges from the 
<00? comers A D E C and draw the inner lines ce &c. P)raw a line 
M9li perpiej^dicuUr to the horizontal line a) from e atfd make K 
equal to the inner height Of the box, which is less than the outer 
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Jieight, by the t|^|ckne8s of the bottom plate. Draw hk^'and ho 


•• 



paraMel 40 the two sidei^of the box for the* sides of the bottom 
platai 

• • 

50. Isometric projection of a rectangular piece of 
wood (made up of two similar pieces joined bv mortise 
-and tenon joints Pig. 304. ^ * 



The two parts of tRe rectangular ^ece of,iVJod are drawn 
with the joint ppened oft. The figure is easily drawn by a 30® 
set ^uare staring from the ppint a. The face gklp the i^non 
agrees to the back of ^he mortise I'k'l'p'. 
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Isometrio projection of a of etepe^ 

Three steps and one bnSing for the top are shown in the 
• figure. The wiViKi of a 

. , tread •/r is greater than 

Uraw ah the* length of 
^ hand 

• isometric plane ; r draw 
\yy y^y^ angles to the 

^ y^ y^ hon/:ontal start line and 

]y^ y^yL f'omplete the rise. Draw 
y^ y^y^ ^ width of a tread 

y^yy c in the left hand 

isometric plane and 

• complete the tread. 'I'he 

(t 30S. otjjer treads and landing 

' • . , « * are drawn similai^iv. The 

figure IS a simple one. » , ^ • 

01. Isometric projection of a cross resting on a 
pedestal Pig. 306. 

The shaft of the i cross is to be placed centrally on the 
Sipjare iK'destal ‘Tlie arm of 
the cr#)ss is rectangular in sec- 
tion, Us t^ii(k»ie^s IS reduced to 
make it pass ihiough the hole 
m the sli.ut which is sijuare in 
section I'lrst draw the isometric 
of the, pedestal and jtJin the 
hqti/untal di^iMaial^ ef of its 
ii[>pvi face. Take the two 
distances os and ft each equal 
to half the diffeMire (f.' a side 
f)f the pedestal and a side (^f the 
shaft and draw sh and tk parallel 
to pe to ^neet thV* diagonal ef in 
h and k ^ Measurp hg equal to 
a side »f the shaft, then gk 
joined i^ equal to hg and is the 
other side of thfc base of the 
i>306a .. ^ shaft.*Coinplete the shaft. ‘Draw 

mo and ov, the two side's of the hole on the left or on the right 


M 
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• . , * •. • 

siae oi snau as the artrr penetrates the left or the rigfKt face. 
Draw the isomefffc of the arm on these two lines, Tfle line 
qm is produced to r, the exfi^me right point of the line. 
The di^iBce mn — gk and nr«^|m. * , 

62. Isometric projection of the joint of tie bar \^th , 
the principal rafter. Pig. 307. * . ’ • 





The jotnt is sho^’n by its plan anti elevation. Draw the 
the isometric of the tie-bar and pla^e on ii^ distances fm* and 
m'n' from plan, fl is the foot of the perpendicular on the 
tic^bar from*the two* poii^ts q and m the same vertical line 
on the two edges of ^the princip^rt rafter for drawinf it i^metri- 
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cally. 'jOnly lines parallel to the three axes jof a cube can bg 
drawn isomcr*ically For the ^ representation ' of inclined lines 
on isometric planes the ryle^of right-angled triangle ,is to be 
adopted fqr making their resolved parts parallel tc .‘.he two 
axes of a cube. „ 

Draw gmn and isometrically with nheir respective 
measurements from the plan and * elevation. Jojn gq and 
mp which gives one face of the rRfter. Complete ‘he other 
face seen. ,, 

63. Isometric projection of a circle and a cylinder. 
Figs. 308; 309. 

Draw a circle 1357 fig. 308* and describe a square abed 
about it with its two sides ab, be at 45° with the horizontal 
direction. 



Join the diagonals, ^ac, db fig. 30S aud through the points 
where these diagonals 1nt6rst«Ci the circumference , draw lines 
parallel to the sides df thej>quare The 8 points of the circum- 
ference, the four c touching pviints and thq four diagonal inter- 
sections are obtained for the points of the curve (ellipse) in the 
isoraetfic, I*" fig. 309 draw a’ 1^' c' d' dhe isometric projeclron 
of the square abed. Find in the isometric square *the middle or 
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touching points the diagonitl intersections of the/;urve. 

Number these points as x', 1', 4', &c. By joining these 
points then isometric view of the circle is obtained. The portioh 
1' 2' 5' 0# die curve is an arc of a circle with b'as cenye and b' i' 
as radius and similarly the portion 5'^ 6 ' 7' is an arc of a cittle 
with d' as centre. * The cylinder (fig 309) is finished by drawing 
two tangent! on the two sides of the ellipse and making their 
lengths ecfual to the heiglft of life cylinder. Tne base of the 
cylinde* is drawn similarly to th%top, only half the curve is seen. 
The ellipse i' 2' 3' 4' etc. fig. 309 is bigger in size than to its 
original the circle 1357 as the isometric view of the square abed is* 
not reduced to the isometric scaie. In the squ-are abed (fig. 308) 
draw its isometric a'^'c'd' and draw the ellii^e inside it by 
finding the 8 points of the curve. This ellipse is the true 
representation of the circle on the isometric pj^ane, as the line ah' 
is the isometric of the line ab. 

• 9 ^. Jflometric projection of a pyramid and a cone. 
Pig8..310,311 and.312. . • ’ 

• • 



A pyramid cag conveniently be drawn in isometric 
by COveiopingf it in a rectangular prism of the «ame 
as the pyramid. Atcoroer of tne b|se of the pyramid must lie 

* • • 
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on aVside of the base of ‘the prism. P^tagonal pyramid 
\% taken in tlie example andjUvo ways of drawing the pyramid 
(one edge in front and one /ace i|j front) are shown in* figs. 310 
and 311. • • ‘ 



, Fig. 312. Isometricrprojection of the cone is obtained by 
imagining the cane to be enveloped in a cylinder of the same base 
and height. In fig. 312 the base of the cylinder is drawn in 
isoma^ric aad the heigh^ is placed cas a vertickl line frcfin o 
the centre of the ellipse. « The line oh is •equal to the height 
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the cone. From h thft vertex of the’ cone' or the cei/rc of 
tne top face of tlfe cylinder draw tangent lines tQ the enipso of 
the base. The tangents touch ttl^ curve at points nearer than 
d and liie ends of the major diarfleter. Ji little greater than 
half the cone is ^seen m the isometric view. In case of 
cylinder exactly •half of the cylinddl* is ’seen in the isomelric 
projection. ^ • 

66. ^Isometrio projeotion of a wed^e-shapod pieoe'of 
woodP Pig. 313. , ^ 



A wffdge ;Bilnilar to one given iff figure 292 (Nos. i & -2) 
is drawn isometrically in fi^ 313. Two views are given, i wirti the 
€dge below and 2 with the edge upwards. In #draw the edge 
line first isometrically. Bisect it at a ; draw ah, the heightiarertically 
irtRl draw dc through b, paralleAo EF, malciilg db and be each equal 
to half^he lepgth of the base^of the i^ge. Throigh d and c ^ 
draw DA and CB theftsides t)f the i)aiB.*foin , DE atd BF. In * 
j the base h drawn isometrically first. Biseft the two sides of the 
base and draw the miSdle line of the Base. From the two cods of 
this middle, line drai# verticals equal to the height of the wedge ; 
ttvough the^ops of tlflese verticals draw EF the edse. Join AE, 
DE and FB. i giv« a tietter v^ew than t. 
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There was no nec<j of using the isometric scale for the 
previous figures. They a-e all drawn from the natural scale and 
the figures increased proportionately in al^ directions. The same 
reasoning is not applicable 19 this case as a sp^here retains its 
full size and form ii» whichever way it is raised and turned. 
The sides of the cube, will be , reduced in the isometric view 
and if both tl<e cube knd the sphere be drawn on the natural 
scale, the sphere remains .the same, byt the cube is much 
enlarged knd the propor?ioi\ of t’te copibination i^altered. 

Draw a square of side equal y> an edge of the cube and 
draw a cir^ie insicU* it. Draw the diagonals and the other 
lines for (,the 8 points of the circle. Draw Ab the feometric of 
AB, End transfer the* measurements AE, EC, CD from th" 
natural *1100 to the isometric. Draw the isometijc of the cube 
‘starting frpm S with thtf,c(^S‘«»«.Hb the isometric length. Draw 
the ellipse on its fop face representing the circle there. 
Find . the centre p and draw pO at right angles to the base line 
from p and equal to'Ac the height of the centre of the sphere 
redact isometrically. With O as centre and radius equd to 
AC thetradius of the sphere from «he uAlftral scale draw a circle 
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which’ will represent life sphere^ touctiing •the top plaz^ of the 
?:ube at p. ■ • * . ^ f 

67. .laometrio projeotioA*of a king poat roof-truya^ 
Pig. 31^ - - 



^ The truss is shown belc|«r by its elevation. Draw tlR: tie- 
rar in i|ometnc first and get op its upper •edge the glistances'of 
the points sifown i^ the^elewition. .^Che rafters are drawn* 
similarly to^g. 307 ahd the sirutsfare drawjj al%o by offiets. 



CHAPTER IV. 
lyEBCRIPTIVE (JeOMETRV. 

The prm^ipal object *01 6escriptiv| geometr^ is to represent 
solid figures on a plane surface and the graphic solution of the 
problems of soli^ geometry. • • * 

‘Pure solid geometry treats geDmetrically the relations ^hich 
e^ist amongst points, lines and surfaces in space but by practical 
s^lid geometry we can show on paper, which has only two 
dimensions, forms of figures in s^ace of three dimensions in 
such a manner th^ the positions and formsffcan be ascertained 
from the drawings* 

Like orthographic projection the objects in this case are 



The combination of co-ordinate planes used ii« ucscnptivc 
geometry is shown in fig. 316, which * shows four sets 
coordinate planes, or as they areVralled "dihedral angles.''^ 
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^ The 6rst set «f ct)-ordinate planes formed by P,jne front 
of the vertical pfbne with S, the upper surface of tiie H. V. and in 
front o^the V. P is called the * 1 irst dihedral angle." • 

Tihf second set of co-ordtnaie planes fgrmed by P, the back 
of the vertical ^lane with R, the upper surface t)f the Ji. P. 
behind the V. P. is called the "secfiild dihedral angle." * 

The^hird set of co-%rdinaie planes formed by Q. the back 
of the Uwer vertical plant with E, the under surface of the P. 
behind the V. P. is called the “third dihedral angle," 

The fourth set of co-ordirfate planes formed by Q, the front ^ 
of the lower vertical plane with S, the under surface of the front 
portion of the H. P. !s called^the “ fourth dihedral angle." • 

(i) A is a point in the first dihedral angle and a and a' are 
its plan and elevatiSn. 

* (a) C is a point in the second dihedral Ingle and c and c' 

are its plan and elevation. • 

^ (3) D is a point in the third dihedral angle and d aifd d' 

' are it^plan and elevaifon. 

* (4) B is a point in Uie fourth dihedral angle and b and b' 
are its plan and elevation. * fFig. 316.) ^ 

The line w&ere the two co-ordinate planes cut is always 
mined XY an^^called the ground line. • 

If ihcb horizontal plane R S is turned as shown, by* the 
circular arrow head it coincides witlf the vertical plane P Q' 
and fig. 316 ajjpears af fig. 317. 



• • •. 

Fig. 317. I. The* projection is seen in froftc of the 
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vertical )i;lane P Q with XY as ground line ;* the plan a appears on 
the lower* side «of XY which is the horizontal ^ plane and the 
elevation a' is shown on the uppl/ side, the vertical plane. 

In no. 2 the horizontal plane coincides with the V. ^ and 
the plan anrf elevation of C appears on one side of XY /. e. 
In the vertical |ilane but behirto it and so cannot bt seen. 

In no. 3 the horizontal plane coincides with tlje upper 
vertical plane, the plan d of the point 1) is seen on the ekvatiorr 
and the elevation d' is seen on the lower side of XY which is 
^the vertical plane for cases below the H P. The points all 
appear behind the V P and cannot be seen. 

In no. 4 the horizontal plane^ coincides with the lower 
vertical plane, the {jlan and elevation of the goint B appear on 
one side of XY /. e. the lower side of it, and are covered by the 
horizontal plane and so cannot be seen. Only the points of the* 
first case are visible. • 

Vroni fig. 317 It will be seen that the perpendiculars drawn 
from, the projections of a point to the gitiund line meet* it in 
the same' point. This 1? the same as *10. 4 of* the rules of pro- 
jection. * * 

The problems of descriptive’ geometry are made easy by 
finding can the traces of lines or planes with tjfb co-ordinate 
plands, . • • 

Traces The point where a line ^ space or the line 
produced meeis the horizoiual plane is called tihe horizontal 
trace of the line, and the4)oint where it meets flie V P is called 
the vertical trace of tlje line^ The line of intersection of a 
plane or a^plane^ prod*iced with’ the horizontal plane is called 
the horizontal trace of the plane and the line in which it igter- 
sects the V P is the vertical trace jtf the plane. ^ 

Certain theorems in solid geometry are self-evidfcnt and may 
be takeh as a;cioms in^lane geometry. ■ * 

1. Tt|ro ' straight lines which cut one another tre in bne 
plane. ‘ 

2. Iftw*) planes tut one another, their comijon sgction 

if a straight line. * ^ 

3. If a straight ^ine be perpendicular to each of two 

straight lines at their point ($f intersection, it shall also be per- 
pendicular to their plAne. t 

4. Every plane which contains the ji^rmal to anolher plant 
is perpeodicular to that plane.* * 
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%, If* two plants which cut* one another ifc both 
* perpendicular toaa third plane, their common faction /shall be 
perpendicular to the same plan«# 

6. ^\Two straight lines \^hich are perpendicular to the same 

plane are parallel to one another. * • 

7. Two ^ridght lines in space which are^each pAallel* 
to the same straight hue |re parallel to one another. 

8. ^ ff a straight lype f)e parallel to a plane, it shall be 

parallel to the line in which any plane containing it cuts* the 
first plane. • * / 

9. If two parallel planes be cut by another plane, their 

common sections with it shall be parallel. , 

10. Planes to which thi same straight li^ie is perpendicular 
are parallel to one Aiother 

• II*. The projection of a straight line a plane is a 
straight line, because it is the intersection iyi a plane, containing 
the straight line and perpendicular to the plane of projection 
I with tl^ plane. • 

• 12. If two straight Ijnes be at righ? angles to one Anotfier, 
their projections on a plane#parallel to any one of them shall 
also he at right ailgles. . * 

To find the angle which a line makes with a plane Let 
one end of the *1106 touch the plane gnd from the other enti or 
any point ol the line, draw a perpendidlilar to the plane ; join the 
foot of the perpendicular with the trace or the point where the 
line touches thf pljne. The angle# which the given line makes 
with this line is the angle with the plane. ^Fig. 318#) 
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VP wit\c. The L baci.V. t ^ istheanfcle which the line makes 
with thcWP. Similarly t ahd /. <r. /L< \s the Single which the 
lin^ makes with the HP, ^ 

To find out thrfi angle, whith a plane makes with mother 
^ plaof. In ine common section of the two planes take a point 
and from thaft point draw two lines, one in each*plane perpendi- 
cular to the line of intersection of the two planes, thei)^ the angle 
between the t^o perpendiculiWs is %he angle between the 
^ twoj)lanes. ^ ♦ 

Let P and Q be two planes meeting at an acute angle. 
Take any point C in XV" the common section of the two planes, 
draw ca and cl) perpendiculars to KY in planes P and Q respec- 
tively. The Zaf^) in the plane acb is tU- angle between the 
two planes. 319.) 



A lifie can«makot\Mth a plane any angle from 0 ^ to t)o° and 
{ht j^uniMif ancles whuh^a line m.ikts with the two p!;vies of 
projectioft can not be mwie diaiv *<)0 . 

The sum of the angh s which a pla,ni- can make' with tin; two 
co-ordinate'pl.itu’S lyin iho lca^t 90 and can not hv mort: than 
i8o^ Itfis the least when the plane is perpcndicukir to dne of 
the cd ordinale planes and paralK 1 ip the other and greatest wlir*'^ 
it fs at wghtl^angles to ‘the VP as wgll as to the HP.^ ^ ' 

All IS a line ilrlmed. ft angle withphe HP and placed 
touching the vertical tplane as AH. From D draw PL perpendi- 
cular to the ground line X\*and with C as** centre and CA as 
radius draw quadr^Artt of a circle AA, on tho HP. Join A,H. Then 
the angle CA,B is < and Z CBA, is die angle wbvjh the line 
AB makes wifii the VP i.r., Z^. (P>g- 35o.) 
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ii<+ a5 ^ . 

is the gfealest angle which a line linclined to the HP at 
L < ca| make with the Vk Tffke another position of the right- 
ang!ed*tnangle BCA as BCAf ; the line make^5® XY. 



Problems 

08. Det^aiine the projections of a line 2 long mak- 
ing an angle of with the and 30* with the* VP. 
(Fig. 321j 



The tonstructron^ i| similar to fig. 251 mob. 17. First 

the lengths Ab ,and Ac [flan and elevaiioo respe«ively of 

♦ 
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the linVwhen it is inclined at 45® with th^ HP and 3,0° with thQ 
VP, se^raielyi are found. Then these two fengths are to be 
placed in. their respective positibns so that one can be projected 
from the other. Imagine the line first placed touching the VP as 
AB^ showiri^ its inclination with the HP. Tfee line can then be 
* turned eithe* keeping ^he Slid A fixed or the etid B' fixed. In 
the figure the end A moves. • , 

, 69. Givetf the projections of liftes, to find theii* traces. 
SoMes. (Fifif. 322 ) , • 




dks^ripi'ivf. ceomktrv. ^ Si 

Sraw a perpendigular from the* jK)iiU where the [)lan f^^uccd 
meets XY, and where this perpiiydiciilar meets the elevation is 
the. the lint*. In case J I the* plan nieets XV' beyond the 

point where the elet^tion meets it, so the elevation is producetj to 
find the VT which is in tl^e 4 th diheilraKan^le, InVase III the 
elevation ^riTeets X\ beyonj the pyinl, where the plan meets it so 
the pliyi IS produced to find the^H T m the 2 nd ililiedial anj;le. 

70. To find the projeotiona of a line, its traces being 
given. Pig. 323 



Fronfc the*tn’o points HI’ aiiW VK of a line }(k^hich'are fiiven, 
draw perpendiculars to XV# The eU vatioti of the iii^e is /Tmnd 
by joining ll^* pf>ini, where the perpendicular Trom the F mttts 
with the VT r»f the line, afid the plan, b> joininj^ the ITF pf 
the line with the foot of the per^eiiicular j^rom the V'^. fn case 1 
II the projections ol Aie lin? are ftuifdNjy oreducinf? ^he lines 
thus obtained. In caje III the HT asd V i are so given th.*y the 
perpendiculajs from them to XY are the proje^tfons of the line 
In^his case ihe line is irtga«plane whiqh is at righ; ^gles Jp both 
the horiiontal and tbe vertical planes.^ 

6 
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71. The Pfojeotione of a line being given, to find its 
inoli Ation Jo each plane and ita true length. Pig. 824. 



a'b' IS the elo^'ation and <t/> is the plan of the line. With a 
as centre and ab as radiU'* draw an arc A/ to meet the horizontal 
line lyi from a. Then the plan is fTiit parallel to th»j vertical 
plane. Draw the ground line thr<Migh />\ Proji'ct from ' d to 
meet the ground line at H'. join'H'a' which is the true length of 
the line. Then a'll'(' is the angle which the 'line makes with the 
hori/(^tal plane ie, From b' draw perpendicular to 

a%' tl>e elevation. From a as centre and with a'lF,is radius draw 
an arc -to meet b'H in ^f* Join a'H. I hen Bd'b' is the angle 
which the liifb makes with the vertical j^ane i e., z 

* 72 The horizontal* projection of A line and the angle 
it forms vfith the HP are given to find its vertical pro- 
jection * Pijj. 32^.* * ’ • 



ah is the horizontal projection of a line and is the ^glo 
which it mrices with HP. With h *lis centre and ab as radius 
draw the arc ^ to meet XY in c. From a draw ab at <30® with 
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JCY. Fronj^ c draw cfl perpeHdicular to XY t,o mt*et jp in B. 
1 hen aB is the lefhgih of tlu? line whose i)lan is a/)9 In turning 
(U to ihe-posiiion «/> tiie he iLtlit is iinclianm'd, Imoiu B draw 
IB)' paralWl to XY. I'rojeel ftf)in // to meet Ji//' in />'. Then a/>' is 
the elevation of iht^line. * 

• • • • • 

98 Thn vertical projection of a line ai?d ita angle 

with the*HP are given to find ita horizontal projection. 
Fig 32*i. • • • . 

tiy>' is the Vertical projeUnin of ;i line which is inclined' at 
with the HI* Draw from /f' .i line h'(' linclined at 30° with 
XV Draw d'i> perj)endicular lu X\'. Then hC is the leiii’lh of 
the plan of the line With h .fs centie and h(' as radius draw ('a 
an arc. Draw a kine perpendicular to X\’ f^oin a' to meet llie 
a^c in a. join /hi then /><i is the [)lan. • 

99 The plan and elevation of an angle being given 

to find its traces and the true angle. Fig. 327. * 




• 

cab’ IS the elevation andfri^^ is the plan of an angle. i*rdduce 
a'c' atid^rt'i^' ipmcet ihe ground line m e ar^l f Prrjf^ct <rom*e 
and f to meet ac aid ah yrodtced in^ and M rcspecy vely. C * 
and B are^the horizontal traces V the an^e.* From ft draw rt// 
perpendicular to BC. •From i in cleva|^on draw iG perpendicular 
to XY. Take GH ^ual to ad and join * Produce da and 
ta^ dA in i^equal toSH, Join AC and AB. Then the angle 
BAG is the* true angl^ ftbuiQed hy throwing4h# anglt^on the 
horizon ml plane by turning on^BC. 
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It 0 From the H. T and V. t. of a given plane, to 
determine the angles it forms with th^ two planes of 
pifojection. Fig 328. •• ■ 


y/ 



vV 


TM and TV anj the hon/ontal nwyd vtrlr.'al traces of a plane 
In 'I'H take any point n and draw a< pi rpendicular to 'I’H to 
meet W in c. from c draw (■rperpendicnlar to X\’ to meet the 
ve/tical trace in </ fake ih in \\ equal /O rvi and join //</. 
The Jlchd is the an^e which the plane makes vith the H.IV 
Similarly llie angle c'kg !•> the angle which the plane makes 
with the V 1’* * ^ 

101. 'fo find tlKB true angle between the H T. and V.T 
of a given plane, ^ig. 3 ^ 9 . 



HT and V T arc the horizontal and vertical traces of the 
givep plane. Take any uoint H in HT and draw Ha perp^di- 
culw ic HT meeting XV in a f rom redraw aV perpendicular to 
XY to meet tlje vertical trrce in V. Produce Ha and from T as 
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Centre and JV radiu"; draw .in arc to meet Ha prodded in 
Join Tv'. Tnen <Ki v' the tiue angle* l)etween the 
HT and 'V.T of the plane. * * * 

• • * « 

102. Determine the traces of a p’ane incHfted at 46 
'n) With the H IJ. rfhd HO ipi witlkthe VP , ^ 

I By -the projeoti<fn of a line perpendicular to the 

plane 3^ • • * 

II • By the conical method Pig 331 



'Iheorem: — If aline he perjii;rpdicul.ir*to a pl.inc>^he plan 
and elevation of the line ar<' rcspe< tnely j^eriieitUicjIar to ih^ 
horizofUal and vertical Ujiiccs of the plane. ^ 

I. Rig Draw {Atn aild « IT'vation of a line ’perpendi- 

cular to the plane and im lif^-d at 45-' o^o a) with the HP aiti at 
,^0'^ 190 f) with the \'l’ (pron, itS, fi:; -^53'. Ab be 

the elevation tnd plan ol ilie line. Kroui any point c' in ifb' ^raw 
at rn^ht angles to it ineel^ig X\' in ' 1 ' ^ I rom ' 1 ' draw TIi 
at rigift inglesj^o Ab prodiireri meeting it i\\^. lficn*VrH 
are the tracei of the i^ipnred plfn^. » , • 

H. Thff problei^ is solved by nn.iginlig two semi cone.s, 
of pioporlionatc size witn liieir slant sufes, forq;npg the nccesfary 
angles to the 4w-) planed of pri>jectioii and their axes meeting at 
the^ame jxrirA on XV. required jilane is t^^ni^ntial to the 

two cones, that is, its^trices will fouch the bases of the cones and 
pass ihrcfugh* their vertices To hnfll the dimdhsions of the 
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two CfJ^es thfir si(ies sliouki be*ianj;entiiil lo a sphere, the centra 
of which is the* point on W in which their axes meet. 

Select a any [loint in XT in which the a.xes of the ctMes meet 
and draw aii! ihrougR fi perpendicular to XV. With a aS centre 
and* with any conveivent .tadius nJ draw i. circle. Draw tw'o 
lines ///and /f\' on two sides of n//' inc[ined at 15 '^ witl> XV and 
touching the cucuiihercnce of (juarter sphere Oi/ and meeting 
n/j* in /»'. 'I'hen is the ‘small Vertical cone showing the 

inchnaiion o( the jilane w'lth the *11 I’ Draw il>, semi b.^e 
on the hori/oiu.d pl.nie. Draw anotlier two lim s re and r/i on 
t^he horizontal pl.iiie on two side', of or inclined at ho® with XV 
and touching the circumterv ncc' of the (luartcr sjiheie and 
meeting nc in r. ' I'hen .//r is tin semi hoiMinial cone showing 
the inclirvilion of' lh<- pi >nt, will) the \P Drns\ its scmi base 
/;///(’ on the vertu al pl.ine Draw Irom 6 and < two lines touch 

ing the circumferences ot the basts ot the com s ami meeting 
XV in 'r. Then \’ I’li aie the irati s of jjie plant 

103- To detoriijine Iho projections of a straight lino 
which shall contain a given pou t and make given angles 
with the planes of projection. Fig 332, 



Let '■the uiwn pom^' /ae.P represente-i by its projections/' 
and/. Suppose the line is inclined at 45° with the<HP and 30® 
with the \'P Prom/' dra'w a line // at 45^ with XV and /V at 
30® with // ; from 6 draw b<- perpendicular to /’c. and from /' 
draw /'(/ perpendicular lo XV. Then /V ^s the length of /he 
elevati6n, and' the length of the plan, of the line passing 
through P and .'making they given angles wuth the co-'brdinaie 
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plpnes as centre and />V<\s radius draw an arc intf^secf 

XY in a' . JoiR p'a which is the elevation. Wiah / arcentre 
and radiitf equal to <lh describe* an arc ; project from a' U) 
intersect <fte arc in a. Join /ntvhicli^ the j^an. 

1 04 To determine the honzoj^al j^ojection of a gi\idn 
angle 0 when the linee containing it make* angles of 
a and 3 reepectively witfi the horizontal plane. Fig 333 

IM • * • 



Let the given artgle Let All be inclined 

at 6o° with the HI' and AD at 45^ wifli the HI'* Place the 
mangle BAD on the VP with the «^)dint di^ XY^ 'Phiin all is 
the plan of .AB. From the point \ draw AC at 45 wilh,.\V and 
with A\as centre and A^' as radiq^ dfftw me CD interserjing ‘AD 
in D. Joiti Dl^ ' Now revoke the iriilngfe ABD»on AB nil AD 
touches the ground to bdpg it into its, proper position, •The 
lengtl^of plan of AD <'r .AC is uC With a #s cenira’and nC as 
radius drawfin arc and with B as cM ntie and BD as radius draw 
«t«l!0il^er arc intersecting tlie fiilt arc in join BC', Then*Baf ' 
is the* htrizontfil projection of ike angle B/vl). ^ • 

105. Determine theftraoee df Sf plana contaiftiog two 
given intefsecting jines, AC and £C. Fig. 334. 

Let d'e', c’b' be the elevation an(f ar, clj .the plan of the 
intersecting *11068 A(J, BC intersecting in C Find the H P of 
aC and BC%nd VT of 4G and^ BC.. Join the.t^o H '^' s and 
the two*V.T’s they yill meet the ground line in the same point, 
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and tli^v are the traces of the plane rfontainins; the two given 
lines Ac' and BC. 

100 Given the projtectiojis of two lines wllloh are 
not in thei same^plane, to determine the traces of a 
• plaae which shall •contain one of these lines and be 
parallel to fhe other. ‘Fig. 336. 


V 



Let WB .uul PQ >*c ihii ^ivei\ lines. If a, line he drawn 
parallel to PQ from an>; point of AJ> and a plane be drawn 
containing knshne'sind AH ihon it will contain AH an*^ he 
p.ualltfl to PQ Find the traces and M of the line 
Through aii;' point n in oft. the ^ plan of.\B draw a lire NaR 
parallel toipq the plan oT PQ. I hroHgh i/\ the projection of a 
on the elevation o 6* df;aw RVN' parallel to ,P'Q' the"* elevation. 
Find k' and N tho t<-aces of the line RN dr.^wn parallel to PQ. 
Join MR' and NLand produce them to meet XY in T. Th»*n 
NTM afe the traces of the required plane. 
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Let a!> and (/% be the plan dnd elevation of the given line 
and V'r, H r Rhe traces of the given plane. Iin«iine a 
vertical piaii^ /ei containing the line# A B intersect the gifen 
plane. Its H.'I'. will be coinciding with the plan . of the 
line AH and its V T. *15 ef pt ipendicular to .VY. Ktnd the 
'crtical projtfctioi^ //•of common section of feb and the gfven 
plane. The point c where // and a'b' infeiseci is •the vertical 
projection of the point reipiired. • Pj;o}^cl c on ft*, from c* 
which is the plan of the [loinl ^ , 

108 Determine Ihe proj^ijtiop»#f a lino, whieh shall 
contain a giv^n point and os porpendiculur to a given 
plane, and to find its trif# length. Pig 337 * 

It »nd It hi; the iiri.jcrlions cf the piven |)0^it A anti 
IVV the trace.s of the gn<fi plane l‘'rt>m f/ and (/' dre^ ac 
and <tV^ at rijjlil angles to 1 ^ 1 * and V I’.* Bro<iurc|flC to meet 
XV in f' ; draw e/ perjienclicplar to 4# meet I' in From ' 
d where ac i^itersects fiT draw </</• petpend^ufar to XV^ Join 
a'/ intersecting a'c' Project r oi^ar from / Lhen rtV'^and 

uf are the projections of the line from .V 5)erpendK;ul3r to 
H'LV. Drawf/i parafiel to .\V and equal to ca. Draw «'/ 
parallel to t\ and prrtjeti Join / 4 '.t 'rhetj /// ii 

the true denglb of lh« nne which is nqjv parallel to the VP, 
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1^. From a given point to cirsw a perpeodioular 
to a giAen lii;e. Fig. 338. f ^ 




Let,/' and bo tin- «jL;iven poifit and and A/;, the ^ivci> 
line. 'I'he ppoblcin is solvtd !>> lirnvNjnij a plane Cf-ntaininj; 
the •point P and perpendi^'ular to Al> and tken to find the 
projections kit' the lifte joining i’ with tfie point where .\H 
intersect^Wlhe plane. • The inyL'cs of .i plane perpendicular to 
i\l» are perpenflicnl.i! tu^he plan and elevation of AH Through 
/ draw//* at rii^hl anglea to o/' nieetyig XV in /•. h>om /' 
draw pV* parallel to^'W J^raw^ /R perpendicular to XV 
meetyig /R in R Through R diaijr Vd' perpendicular to a/f' 
the elevatipn of ^he ’line and frAm T in XV draw TH 
ptrpendi%ular to ad the plan, rhen V I'll contaics P aiid i'* 
perpi'hdicular to AH. Now it is r^rpined to find out the po^it 
where tthe iJine AB fniersccis thtj plane V I'H. Let TH -meet 
ad in c , Diaw Cc pef^^ndiculitr t^) XV( Let <i6 produced 
meet XV in <i. ’D^aw dif pfrpendicuLr 'to XV i^ieeting V'P 
in </'. Join d’c inleVsectvng m a • I’roject a from a\ 
Then n' and a ara the elevation and pl.'^n of the point where 
AB meets tlie plane V'l'H. Join p’a rnd /o which are plarv 
and elevation of the perpendicular frorm the poiAt P to the 
iiven line. 



DES(?kn»TIVF gEOMETRY. 


110 P/oiect theSnter8<»ction of two pianos .A^nd B 

inclined to the* HP at 45° and 60" respeptively and 
perpendicular to the VP. Fife! 339. , 

Lct«V'"r'H' and V TH l»e»the tract's of^he planes H and A. 

As they are only inclined to the HI’ their vertical* traces ^will ^ 
make the giv.-n* angles with XV Vnd flieir horizontal traces 
will be at.ri^ht ancles ft) XV Let V"!' and V'l' intersect in 
c'. l’ri'jw<'t c on XV l'roni«c', draw cd peipendicutar to .\V whjch 
is the ^!an of the line of intersection of the two planes, and jhe 
point c' is Its tlevativin. 

1 1 1 Project the intersection of two planes A and B 
inclined at 60^ and 30 to* the HP respectively and their 
horizontal edges parallel to the ground ht)^. Fig. 340. 



As 4 he <*dges of ihc#plai5ts aa- 'fforizont^l and parallel to 
XY the planes*are inclined in front and their line <-f interaction ^ 
IS parallel to XV. Draw inclined at 6 (w and 6 /;* inclined at 
30 ^ witb.tlfts HI’ mlerstcting in I. 'I’hese are# the side 
«c-»aw.s of the two planes A And B. Draw through a a vertical 
line *7,Q7/ ii^trsecting i«v grouni lirw in 0 ^ 

representing the sidtRplanc* Worn ^ cent^ and v|ilh oa^ ob 
and c/ as radii draw arcs intersecting o/. ly three jjointfi. Draw 
from a\ b' and thtf two lower poiwls in oZ' line.s parajlel to 
XY for the ^ori/.onlal*and vertical traces of tNe two intersecting 
planes l)r|w from • I and the point where oZ transferred meets 
oZ lines parallel to XY fol lhe.|)rojections of X\m ftntersttftion of 
the twef planes. * , • ^ ^ 
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lli. Project the intersection hf two planes one 
inolinea to the HP and the other para}le( to the HP ancf 
J '.aboveit. Fig. ti41. i* 



’Draw V'J'H the traces of the plane inclined to the HP 
only and draw a line parallel to XV »t a height of ij" from it 
intersecting VT in a rtir the VT of ihe intc;-secting plane, ' As 
it is parallel to HP it has no hori/lifital trace. Project h in XV 
from n. Draw /v parallel In' TH for the plan of the 
horii^ontal trace of the line of inter'»cctuni ; • the elevation 
is tlfe point <i. i ‘ , 

^ llS^v, Project the intersection of two oblique planes. 


X/HH' and VAH are* the traces of ’two oblique planes 
3*et i'* he the point Miere the two vertical fiaces intersect and 
d the point where the horizontal traces jiiteriect Then c/ andcid 
are the laces Vif^he line of inteFscrtion* Find c'd' and cd the 
projection of thejine fprob. io fig- 5 ). ‘ ^ 





Let hV and* Hv he the .(‘Novation and plan of the line 
and let the phn^- he inclined at 6 o ' with the HP Find ii and V 
tlie hori/.on^d and vejrtical tiaces of^the line, 'I'he tracer of 
the reqtnred plane will pass thrmlfh these paints, Now 
imagine a cone wita tiae slant side inclined nl» ho with the 
HI’ placed on *1110, horizontal plan**, its vertes at any point 
C on the line H\h The rerpiired plane ^ill he tangential to ilie 
cone and its horizontal trafe wiHist toitch the circular base . 
of the cone. From (' a |)Oinl in h\^ draw aline (% at 
with ytV and ('a perpeiidinilar to it.» With l (plan in* Hv) as 
centre ai^i radius draw a*circK* **Frofii JI the horizontal, 

trace draw a Iftie. tangential to this circle^ meeting X\ in T and * 
join TV. Then TV, 'PH are the traces of tli# reijuinjtl plane. 

115 determine the angle which a line int lined to 
ifSoth planes of projection 11 make with a given t$lane. 

. • 4 f ^ ^ 

Let HTV he th^traces»of tliejfiUn^Snd a/J afi' the plan and 
elevation o^the given line From any poii|t J 1 in the given line 
AB draw a line HI), fhown hy andP^</ in plan and elevation, 
perpendiculijr to the fiane HTV and find th^ .Ingle between BI> 
arnJ BA angle ^hich BA m.ikes with the given plane is the 

compliment of the angle*wnich 4 U) rnakes with r)ra#////and 
per/Jendicuiars tb HT and-VT afid find r,an(V the horizontal 
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^ . . 
tracesjof the lines BI) and BA- »om h draw perpendicul^\ 
to/c produced I'hen ^cbf is the plan of the'angle between BI 
aad BA. To find the true aftgle the an^le cBf is to be rabatet 
on the HP on th^* line */', 'R)e [)lan of the altitud* of the 
triiuigle cBf is i:b and its elevation is i^'d' jPake equal to 
and join H'. Then *><!<&' * 1 ^ the lenuth of the altitude of the 
trian^{le. Produce ^7^ to B making gAl etjual to k/i\ join Be 
aivl Bf. Thert cBf is the t«ue anj^le between HI), and BA 
Driiw Hr perpendicular to Be. then Z /Hr, the complement of 
ZcBf is the angle which ItA makes with the given plane VTH. 

^ 1 1 6 To find the traces of a plane which shall contain 

a given point and make givtn angles with the planes 
of projection. Fig 345 , 



« * 

Let^p and p' be the given point and 45^101! 6o° be the 
requh-ed angles of the plane withf he HP and VP respectively 
Through tile point P a line is tq be drawn inclined a^ 1^0-45) 
with the,H P arrd at w^h l|;ie VR Let and /V be 

the plan and elevu’tirvi of this lihe. The question nowi^ to draw the 
tractfs of a plane which shaU contain the poMt P and be perpendi- 
cular to the liive-P C (see construction pf prop. 109 fig 338). 
From p draw p Q at right angles to c/», draw QQ' derpendicular 
to XYcand dMw p' Q' parallel tq^XY Inteting QQ' in Q'. From 
<i' draw V Q' J perpendicqlar to produced. From iT draw 
i 
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TH perpenSicular to product^d. 'I'heii VTH are I lijjJ traces 
of the plane* • ^ • 

1 17- Find the rabatemeift of a jsriven point A on the 
HP wljfch lies in a given oliliqurfplaoe^V T H. Pig. 346. 



Let V rH*lie the traces of the ^iven oblique plane an^i A 
a point in it. The projections of thi'J point ar»* n' and a when 
the plane is inclined to the tv\o co-ordinate planes,^ Froih a draw 
ac perpendicular to H I* and draw perpendicular to XY At n 
on ac draw a.‘\ jferpendicular to ac vid join Ac. Then 
Ac is the distance of the point A in^the pl.'vie from tts horizontal ^ 
trace. Produce ac to A' making 'I'l^n A*ts thrown 

on ihs H P. ^ * 

118, Determine the,ani4e hr^tsteen two plahes both^ 
of which are inclined tp each of the co-ofdinate planes • 
but in opposite directions; theii* traces be^ng ^ven 
Pig#347. , • • ^ 

Let VTH and VT'H bt^thc traces of the two planes. • Fmd 
the projection V a' and H of the line intersecjion ];)etwcen 
the two places. TJuough aVy p‘Mr^a/ in ,H/>' ^raw PQ at» 
right angle| to it lerftiinating in I'afld f) on HT and nl'. From 
/•' with ra^us 1)7 and b'H draw arcs^eelihg XY in /' and d. 
Join dV Then b'd V is the mclmation of Uie line of infersec- 
tipn with tfle HP. Jlraw / c perpendicular to dV. Make f N 
in H b^ eq|\ial to f'e md join, PN .and N Q., I'hen ^ N Q li 
the ar^le between the two^ plane|. If fN' be taken equal to 

• * I 
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f'e an4. P N' and N' Q be 'joined the an^le P N" Q is th<i 
plan of p‘n Q' e* 

* « C 

119. From a, given point to draw a line to make a 

, given angle with a given line. Fig. 348r 


y 



IvCt and B f, b (' .iit- the plan and elevation of the 

gi\en po/^.t and^ (he, jjivtfn* lint* BC The line from A u;ll 

m'akv 30^' with B('. Pind ilu.* itares VTH of .a plane cof\fainiiii4 

the point -A and the •lrn<j B(«; or, two given ii\tersectin;4 lines 

AB ar.d BC (prob. 105., fig 334). From /> draw b flC perpendi 

ciilar to HT, Make V^* - bf and join B e Make f B, - Be. ».Krom 
1 1 '* 
a draw a A' perpendicular to H T apd make g A/ -a'r ag ■* Kj;! 

Join IP'witl^C and from A' draw , A'l) at 30' wit,h C P.'’^The 

point A aiid the li*\e BC Kf tlirpwn Oii ihe*> ground as A' and 

B C. 'I’hese are to be raised to their original position with the 

point n/ DrawDi d parallel to B"b , meeting C b in d. 

Project d' in BC from </ Join a'd' anc}^ a </^These are the eie^a. 

tion an<f plan of the required^ line from A, , „ 




Let VTH he the traces of the given plane. I'rom any 
:6nve*nie>tt point B in XV^'Wraw Ba at .15° with it meeting VT in a, 
DrawV rt perpendicular to*XY. Now the line a'B is to be 
:urned till its other end is An the H V, Then the whole line 
I'B will be in the pfane. With a tis centre .md aB as radius 
draw an arc cutt*^ HT in b and .and Join ad and ab\ then 
^^ora^, is tbe plan Project h' and if on )iY from b and 
and join d'a' or If a* for the elevations? 

121. Rotate a quadrilateral figure bn an axis 

till it forms an Angl^ of 45"* with the plane of the original 
figure. Pig. 360. 



Let'ABCD be*the q«adnUtenil» lying qq^ the HP tod 

• A 


-^8 


\ 
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it rotates on e K as axis It i» rt>f^uired*to find the plan of ABQI) 
when ft has rotated 45° on the axis e K. KrOm the four points 
ABCD draw pt rpmdiciila^s Be, CM, and Dk on the line e K 
and from tjie points g, e, M and 1 <v draw e.f^ Mn andt-AV at 45^^ 
with the perpendirnlars and equal to theiri I'Vom //, / n and / 
draw ha^ f&<, //rand /<7 ;k right angles to Ag Bl^, CM, and DK. 
Join al\ be, crl and da Then n b t //^s tfie plan of A BCD. 

. Dt?terminf» the* projection of an equilateral 

triangfle ABC of 1' Hides its surface to be inclined to the H 
P at an angle of 60"* and one of its edges at an angle of 
.45^ Kig 351. 



From 1) jjny piuftl tn .yV draw DP at 6o°,with dt. This is- 
the.VT of the plane ^whii h will cc^ntain the equilateral triangle. 
Draw DJI pefpendicular to \ V which is the H T 
of the jtlane. From ar.\ convenient point F in* DF draw FG 
at with XV. Draw IT p^pendicular to XV With/-'-, 
centrt; aid /(J as radius draw, an arc intersecting D H in H. 
VVith 1^ ns ceiAre (JF a^raduis drMv an arc cutting XY in 
K Join H K *Or H K d?aw ABC an fquilaie-al triangle of 
C side. Project the pok^ts r, b, and a dn XY from C, B and A. 
From D as centre and with D c, D b amj 1) a as radii draw arcs 
inteisecling Dh inr h and a . I'rom B C and A draw lines paMliel 
to X^ and project the points c b and ‘a on these lines from the 
.points b and. a'. Join « * c. Then obc is the required projection. 



chaptkrT • 

INTKRPKN1^RATI^>N OF SOLIDS.' 

VVRc^n two solids intersect %ach other they are said to intfer- 
penetrate, and the lines formed by the intersection of their sur-. 
faces, are called lines of interpenetration. I he nature of the, 
lines of interpenetration depentls upon that of ea^h of the surfaces. 
Thus if both surfaces%:onsist of plane faces the lines of their 
int^rsec tion, will be straight lines ; if one or botti of the surfaces 
be curved the linos will consist of one or more*curvcs. 

The principle involved is to determine points on the inter- 
sl^ciion the surfaces c# two solids liy cutting planes , The 
inters*ecied solid is •supposed to be cut oy a series of parallel 
planes winch are firjt drawn cItTier on plan or eh vation of the 
solid, whichever is easier. 'I'he section surfaces give points which 
are common to*ihe surfaces of the two solids peneiratmft each 
other. 'I'hey are so chosen that the projcj'lions of the sectional 
planes shall always be straight lines iiT one, and straight lines, 
circles or other regular turves in the other proj^'clion. The 
series of points where these projections in^^rstet are determirfed 
and joined, and as they are common to the surfaces of two solids 
the required intersection is obtained. »:\ grealy luftiiber of 
sections would confuse the points in determining the curve. To 
obtain tfie best results, cftlnparali^a^ly Tl:w^yctjon surfaces# should 
he carefully an(^*judiciously cHosen. * • 

In almost all cases tWre are certartn important 4joints on 
the line of jfiterseclion whose projections sliould found 
first, as the highest and the lowest points where the line disappears 
r^ppears in view. We should first «elect th|be section 
surfaces which* give ys the im|^)rtani ^#ints. •The correctness 
of the figure and easy fiilution deirewd* ort tim careful selection 
of tlie section planes. , ^ * 

In tlie*ca>es of piterpenetralion of prisms^by other prisms 
the yght line if intersention of surfaces are determined by find- 
ing two points in the t#gtiL li^e. The two poitis mty be 
deterraintd by variou* meihods^ 
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Probltfijis 

123 . Arectao^uiar pv-ism penetrates another reot- 
abgular prism through the middle of a face at ‘to angle 
with theJHP. Find the hn*es of interpenetrailn^n when 
tht arms are at an ^ngi^e^with the V.P.rf’ig. 352 . 



■ No- I is the elev^tioir an<J No. 2 i* the plan of a rectangular 
prism, inlerseoted by *aribthe> reotanpular prism through the 
middle of a face. T]ie penetrating prism is at an angle with the 
H. P. and is paraKel to the V. P. No. 3 is a copy of, No. 2 
with tile arms at an angle with the V. P, By firojeciion from 
No.‘ 3 and No. 1, No. 4 is obtainid. First project the elevaVic^ 
of the vlrtical prism P Q R» and then project iherend ah of 
the arrmas a' a' b' b'. '.The fac^ c<l» ah (lower line) of No. 3 
is in front and" line of penetration is obtained^by projecting 
from the lower cd of No.*’3 and from c' d^ of No i. The lower 
face d d b b oPthc arm is then aeen and/ts elevation is obtained 
by projecting d d of plan No. ^3 to*^ internet the horiaontal 
from* d' of elevation No. 3.' In bterpenetfitloo problems 
the dotted lines need not be drawn. 
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1 2%. Al’^ctangruli^ priain, withl wo faces 45** to the 
^ P. peoetratiDs^ another reot&ngular prism throp^ an 
edge. Draw the elevation i^hen the two ptisme are so 
turned ^at the arms are at an angle with the V. P. 
Fig 36t> 



As this prism has two faces at 45** with th^H. P. the cdf(es bf 
and dh of the plan coincide and pass through the ed^s ^ *od 
^v^of \J)e square P Q R. Firsr project the jvism P and then 
project the ssialler prism for*^which groceetj thu* ® 

horizontal line A C E VI at about the Riiodle height of life Fertical 
prism. As ^he two /aces A B F E and G F of the smaller 
prism are iqclined at 45° to the H. P. *the cojners A C E G of 
the two planes are on Ais horizontal line. Project b d f h of the 
plaS and where these projectipns intcrs^t the honzontil 
line AC^G of the , elevation fa b and m meaSure tfB, bp 



GEOMETRICAL DR.WING. 


102 

and mF aiiS mH eacf equal to aU or be, antfeompfete the 
ends.*,The line of penetration n 'r and s p in#lhe elevation ate 
easily obtained by projectir^ n and K, s and P of the plan on 
the respective lines in the •elevation. The lines of ^yieiration 
t r and v p«are behitid and can not be seen. 

125. Determiife . th6 interpenetration of two reot- 
angular prisms, one to be T'x^'xl P" with its longer 
edges parallel to the V.P. and«ooe of its faefes inoliued 
to the V.P. ; the other prism to be I'S' k 6" x 57 with 
its longer edges parallel to the H P and inoiineef 10" to 
the VP. No face of the smaller prism is parallel to 
the H P. The axes of the two prisms bisect each other. 
Pig 3o4. , 
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P 

axjs, 0. Through O cira# a line an angle of io° with XV for 
the axis line of the® hon/ontal pi ism Measure og this Ji^ne on 
the two sides of 0, 01 and Cm caHi equal to half the length of 
the hori^ttal prism and draw AC* and ac vierpendiculars to 
the axis through and 1. Now consirucl the su|f|)lementary 
end elevation of Ihe horizontal pnsitv* AC as^lic groilhd 
line Produce Im the axit line to O' marking mO'=*half the 
height of^he vertical prisiii. 'I’grough O' draw ‘'M' inclined 
to Ac yie ground line, and a'b' at nght angles to c'd' and malte 
them equal to two sides of the lllirizontal prism. Complete rhe 
rectangle A'B'C'I)', the end elevation. Project on, 

AC to determine the edges of the horizontal prism on plan.^ 
Complete the plan of the horizontal prism. ^ 

The position of the edges of this prism ,in elevation are 
determined by making the heights of the points AH('l) in 
elevation above XV’ etpial to the distances (»f tlie points A'B'C'P' 
ffom*AC^ Draw horizoi^tal lines through these points till they 
meet* the projectors from tiie correspon<\*ng points on. plan 
on the left side i.e , jC, b, c. cf., , 

For the line* of interpenetration draw projectors from 
RCFH till they* jneet the edges Aa, Hb in elevation in* E',G' 
F',H' The kne of interpenetration E'('^is in ;he face ABba# 
The next face is ADda which passes through two faces of 
the vertical prisyi, namely the faces Ql< and RS. •Produce QR 
of the plan to meei» the edge on flDoJ plan produced in P. 
Produce the edge dD of elevation till ii meets a projector from 
P in P'. Join E'P', cutting the edge Rr otthe verliw^l prism 
in R'. ^ Draw a projector from Q wht re the ecfge Dt^ofplap 
cuts the edge RS of llie tertical pysni^tilj jt mc*'ls the ejge dL) 
of elevatioft in Join Q'l^. l5raw*a projectoi from’ K where i 
Cc of plan intersects RS of till it meet# cC of elevation in K'* 
Join and Q'K'. This completes the Imc^of interpenetration 
for the right end of the horizontal prism Proceed Similarly 
^?th t|je left end The lines^f consirucliyn are shown in &g, 
354 . liiwihe c*ses of prisms intjrpenetr.'^ing prjsms, ftie lilethod 
of obtaining commo4 points on .iha; 'furface 5 *oC two •solids by 
sectional plains is not applied as the line/ of interpenetration 
are all straight lines which can be elsily found l>y the dkect 
projection ol points inahe lines. * * 

*126. A vertical cylinder, interpenetratac^by a&othar 
cylindei (1) their ^zes iDterseoi^at right acglea avis 




Tlxf priiy:iple« of *det<;rrfiining points on the intersection 
f'f the . surfaces of two s^ids by cutting planes is necessary for 
all’casci pf interpeneiijuion w|j^?re the sLrfaces of one or both the 
solids are not plane fares. In ist th^ sectional 

plant's are horizontal and commences fronj the tangential plane 
to the horizontal tf^linder. Sections are taken fir^ in elevation 
and^ niUnbercd as shown in fig. .355- The sectional planes cut 
the vertiwl cylinder in a uniform circle, and the honwiitii 
cylinder m rec^ngles, except /he first and tht last ^which are 
Straight '“linear These ^*ec*ions are* transferred to the plan by 
drawing a semicircle CT*; on 17 and .producing the section 
tines to meet tl\e arc this semicircle. By projecting the 
points on the semi circumference to a hofizontal line cp through 
the middle oif the plan of t{ie horizontal cylinder and traosfrtring 
them *Dn the line 44, the plan' of the secrions of the horizontal 
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cylinder is.determinedf The. first is the line CD. Thei^ aj, 33, 
44 are three oAer sections. The circle AB iathe Jflan of tU 
the sections of the vertical ‘Cylinder. The curve of ioter- 
penetiMon is determined by projectors /rom Abed the points 
where the rectaiigles cut the circle till they* interseij the 
corresponding 'lines of sections m -the elevatio*i. The lower* 
part of ^lis curve and* the curve of interpenetration on the 
right siie is similarly obAined. • • 



Case If. fig. 356. The’^sectionid are parallel to the 
axis of the inclm^ cylinder taken first on the etevatioo 
from whfch they ^re projected on thi plan The vertical 
cyHoderJs cut inclined but the plal! of th^ sectional planes is 
the same* as ‘the * circular plan of cylinder. The curve of 
IbterpenetratioD in^l^vation is determined ^ jdirectjprojection 
similv tocase 1. , 




The fTiangiJar pristif is placed with an edge on the lop 
an(f n face at the l)oitom. interpenetration of onljfc one 

face in frofit is visible ■nd^obt/ined by taking two horizontal 
lections shown in*pi«»i and elevation ^fo^ i and a. Vo determine 
the ridge and section lin%s in plan dtraw ACB the triangular 
end on AB. Transfer the divisions on be in elevation dh a 
horizorWal ^ine lie' and then project on AC and BC Draw^ 
horinont^l li«^s from •! and 2 on AC and BC and from^ (i on 
the plap of the pri^. projijbiors fron^ the {t)ints *where 

the horizonfal lines -fre^m C, » and B inta-sect ih^ circle in 
plan till they meet the corresponding lines in^he elevation. The 
aectionhl lines are^s^own on the upper side of the plan as the 
projectors coincide and for the convenience ff projertion. Join 
the point| lhu^o\jtained by/i fair curve# for the lines of inteT- 
.penetration in elevation. 
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128. 8phi»re« interpenetrated by hex^^nal 
^riem ; axis of ^e pnem is- vertical and is on one aide of 
the sphere. Pig 358 • * 



Take 4 vtrliral •mtIjoii'- yanftitl «<» V P coin mencin^* from 
the cenife P the plan ofjhr |fiiMn*ic)*^lK* far^j BC.* Transfer 
these sectioiTs on the (•!< v.ition, wfu-r^e 4 circles, sections 0!' 
sphere, intersect with 4 recMnuU , s<qtions of* the prism. 
Thcte are fhe ptnnis of n e ( urve oi inlcrpenetrati#n of the 
K two side faces .AB ai d ('1^ of ihc prism with the sphertfand 4 
curfes^are obtamtd as .tK ci^etfa in the clevatioC^ T^lie face 
BC is paVaTlei to Vp s«f ihcs^' o^vt-s 1 if elevation are parts* 
of a circles .As the point P is beTo'^ .S, th^ce*ntre of the sphere, 
the section throiiplf AD cuts the sphere in a circle of divtieter 
little lesf jhan^ the^ diameter of the sphere* fherefore the edges 
^and D of the pi^m penetrate the sphere not in the cit- 
curaference but little In the •interior The tlUplical curves ^ 
the sides inay also be fouqd by liking* inciin^ sections of tlM 
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sphere througit the side9* AB and Cr\ On GH*the sft:tior> 

line thrftygh ABdrawa semicircle and from #the 4 points irf 
AB draw perp*endiculars to 4^ to meet the semicircle. The 
hefghts of these perpendiculars |ire to be set off j^om the 
corresponding points*in the diameter EF of the elevation, uj> 
and •down f^r the points rfj/ the curve. TBe points will agree 
with those obtained by the first inethocL 

129. A spjaere, interpen etrateg by a verticaf cylinder 
axki of cylinder on one Btde df eph^e. Fig. 369, ^ 




interpIhetratiow of solids. , ^ M)9 

4he axis oC the cylinder. Draw the elevations of sphere 
and cylinder, fake 5 veriical sections, parallel •to- V.T. com- 
mencingt from C in plan and oljtain the elevations of the 
sectionll'5 circles as scvtioils of sphere. in elevation and 4 
rectangles and » line, for the^p;isn)^ The last sectiqp is ^ 
tangent to the •cylinder, iht*refore its elevation Is a line for 
the cylinder. Where l^e circles intersect the rectangles or 
the line,*^re the points lor*the u^^er and lower turves of inier- 
penetfation. Join these poii^s. The cylinder penetrates, the ^ 
sphere b-yond the ciicumference in elevation as C the plan ot 
the axis of cylinder is helo^ S the centre of the sphere in plan. • 
130. A sphere, interpenetrated by a vertical oon 6 , 
^xis of cone passi^ig by one aide of sphere. Pig. 300. 



• Let S* and’ C ^ centres of the plans of the sphere and 
cone respectively. C i^&low^ arfd on the*ri|hi aide. Join 
SC aiA produce 4)oth way* to meet the cir^mference of the 
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base of l^ie cone at B and A. The highest Xnd lowest points of in- 
terpenetrlltion lie on the vertical section passing through BA. 
Draw through S a line parallel to the ground line and with S 
as centre and SA radius drrfVv an arc A A' the 

, hori;^ntal line through S m A'. Similarly transfer the centre 

*Cto(yonthe line SA\ • Project from C' and” find the apex 
of the cone in this new position. Pif)ject from A' t^ meet the 
ground line in n^nd join a' withV the ^ew vertex. \Vh?;re this 
line ac' cuts the sphere are lhe^hii;he^l and lowest points 

* of the curves on one side Similarly the highest and lowest 

plaints on the left side may be found by turning H to the line 
A*S produced. • 

Take horizon*al .sections of the solid commencing from 

the highest points ^nd ending on the lowest points thus found 

in the elevation of •the solid Five sections are taken for the 
curOe of the lower portion, and 4 sections, for ihe upper 
portion of the cone. In the plan the secli^ms will be represented 
by circles both for s^ftierc and cone., I he ist and 5th sections 
4ouch at 1 and 5 in the plan and cirfk's from sections 2, 3 and 
*' 4 intersect at "2, 3, and 4 ’IVoject from t, 2, 3 and 4 in the 
plan to 2, 3 and 4 section lines in elevation for the curve of 
intei^enetralion m elevauon. The back curve’ not required to 
be shown may be found bf projecting from points c, 4, 3 and 2 
above the diatneter line of the plan Tlie lower penetration is 
below the diameter and so caRinot be seen in^ plati. 'I’he upper 
curve of penetration is stmilarly obtained and shown both in plan 
and elevation. ^ , • . 

1'31. , A vertical cont^ interpenetrated by a cyllhder, 
^uxes at right apgles aot tntereeoting. Pl^j. 361. 

Draw plan and ekwation of the solid. Take the axis of 
cylinder in plan below the centre of the circle, the plan of the 

• sphpre.^ VFK is the elevation of lK,‘ cone and df'/fc is the eleva*. ^ 
^ion of the cy'inder d.ike horizontal sections starting from ^ the 
line (ri> and endin'g on if^w lyic oJ^in tdcvaocn InThe [ilan the 
sections are circles for the cone.tmd the line" a/> and , rectangles 
for the cvlmder. WhVie ibe circles intersect the corresponding 
line or the rectangWare the points of the curve of interpene- 
tration m plan. Where projections fn m t^icsc points meet tlje 
respective sectio.i hnes in elevation, are \\ 1 ib points for the curves 

n elevation. The construclicn is simple. 
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132. A vertical uylinder interDenetratad byaliori- 
aontal cone, axis of cone on one side of tbe cylinder. 
Fig. 362. ^ ’ 

Draw cylinder and cone in plan and elevation. Tbe axiscd/^, 
of th^ cone in plan is^)elow C,^he^em|e of the circlew the plan 
of the cylinder, 'rake hortzonial sections 3, 2^ 1, 2 and 3 froix^ 
above the axis a'b' to beKiw it in elevatjpn. The horizomal sec* 
tiong in plan k the circle ABC for ail the .sr^tion.s orthe cylinder 
and one triUngleand two li)p^rboIas for the 3 sections df the cone. 
Where the triangle and the lf\pVrlx)ias intersect the circle in [jlan • 
are ihci poirgs of mterpenetranon in plan and whew pr^^jection% 
from these pt^ints infTS<'Ct<h»* ?oi^e)||)dXding s^*ct|<»n hots in* eleva- 
tion are ilt^ points in elev.itinn, 'lo dr/w a hyperbola in plan. 
Take the case of Nd. 2 stclion. It%uts the rone in the Iwie nh. 
Take 3 points i/i tl|e line ;;// and draw vt^riTcals ee^ and gi; 

through them DrrfW sejpicirrjes on </</, or. ^and Tbe alti- 
tude of the points where the^semibircles are by tH% section 
line /«// from ih^ir respective dll(fneters,are«to be^set up and 
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down on the projections from i[ie corresponding (wints in ab^ 
the axisW cone^ in plan. Tne points 2, 2, 2, ttius Obtained in* 





plan when joined is thf curve of parabola.* The apex of the 
parabola is found directly by ^projecting the point in elevation 
on ah the axis in olan. . Wh?re thfs parabola intersects the circum- 
ference ABC are the two points of interpenetration which project- 
ed on the <2. section lines 2 yi elevatibn gives the points in 

t elevation. • ' • • 

• 

133. A sphere interpenetrated by another sphere 
through ^ne side. Fig. 363. 

^ C^and S are the centres in plant and C' and S', the centres, 
^ elevation U the two spheres in^rpenetrating. '(ake vertical 
sections parallel tb the i, if o, i, 2, 3, 4 and 5, No. o 

passing through tlie centre C of the larger sphere ia plan. In 
the el*ivation each section iya set of two circles intersecting for 
the two spheres, fhid these intersections in eleyation which are 
points common to the surfaces of the two spheres. Project the^e 
poiota H their cotresposding' lines in p!ah. The curve of inter- 
penetritfon in plan is obNdned. 



134. A vertical right cone, interpenetrated by an- 
other horizontal rightf cone, axis at right angles but not 
intersecting. Figi 364, • 


« 1 ! I 




Draw plan aivd elevation of the two coneSt In plan C is the 
centre of the circle, th^pla^ of the vertical cone, the axit 

of the horizontal cone, below O. Tike horiroflWl sectfons in 
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elevation Nos 3, 2, i, 2, 3. In. plan the Sections for the vertical 
cone are ‘circlet and for the horizontal cone, a triangle and two* 
hyperbolas. Where the triangl6'and the hyperbolas intersect the 
corresponding circles^(sectiohs) aro the points of interptoetration 
in plan. Project these points to their corresponding lines (section) 
in elevation fer the points.of IViterpenetration in devation. 


136. A sphere interpenetrated by a ring. ^ig. 306. 



ohe. side of the sphere, praw a horizontal line below. S', the 
centre af.sphere in elevaUon ,and take'om it as centre" of the 
lhe*lhickness of the ring. With o as centre and radii 
oc and oh draw circjes fer the elev.uieh of the ring Draw a line 
bb parallel to the ground line and below S, the c‘entre of sphere 
in plan. On bb take r and r' as die centres of the thickness of 
the ring ard complete the plan of the ring. Take vertical sec* 
tions parallel to V. P. a4\d drawjection lines in p^an. 'in eleva- 
tion the sections.wilI bb i^pcesenteli by ‘circles for the sphere 
and^ plane circular rings /.r., two concentric circles tor each sec- 
tion for the ring^ .Where the circles for the sphere intersect the 
concentnc pair of circles for the ring are hte points of interpene- 
tration^, in elevation. The^ are to bojprbjecied on the cdfres- 
pondii^ lines in plan for pgints of the curve in plan. 



CHi^PTER VI • 

0\sr SHADOWS *ANf) THK PROJEClION OP-WK LINK OP * 
SEPARATION OP LIGHT AND SHADE. 

Ifa*surface, <as HI*or VI^ or both or any other surface) 
recei\a; lij?ht from any sounce, a portion of the surface is* 
deprivcid (^f by the intervention of an opaque bod)^ T.he 
pan of the surface deprived of light is the shadow cast by 
opa(lue body on the surface,* or the cast shadow of the object, 
rile opaque objeft which casts the shadow receives light 
fjorn the source on one portion of its surface^ the other portion 
being in shade. The line on the surface yrhich divides the two 
portions is called the line of separation of light and shade ; 
^this Inie is evidently ih^ locus of the paint of contact of those 
ray!^whVh touch the surface ; it is evidtnt that these Ijounding 
or extreme rays ard* those wjuch define the outline of the shadow 
ca^■t on any surface The actual shadow is indefined and oT* 
varying intensity for reflected lights and other causes. We 
shall find out shadows with defined boundaries by assumingonly 
one source •of illumination, i, e ^ thi sun, ^o far away and 
consequently so small jhat it may be treated as a point, and 
pr.iciically the «rays are all parall^ to one another. These 
shadows may be tefmed Geometrital slmdows in distinction to 
the actual shadows seen in nature^ * • ^ . 

The method of obtaining the projections •of Geomelripal 
shadovps cast by any, object in pian and elevation^ depends 
entirely qp tht^ principle o{ finding •thiP traces ^of lihes or th<s ^ 
intersection of lines with planes. The direction of light is 
fixed by mean^ of the and elevatioiA of any ray and is 

generfily thai in which they make angles of 45° with tlie ground 
line both in plan and eleva|ion /. the rays are suppefted^o 
l>e intlujed at about 32° with each of the co-or«naitf planes , 

and are alwayf drawrijfrom iheWt, ^ ^ % • 

Rule Imagine projections of parallei^rays to j^ss through 
the prominent points of the projections of the object anrV find 
the traces <ff)he Ijnes^f the rays with the verfldll and horizontal 
pl.iges. The lines jdlnin| the traces thus found will be the 
boundary lines of the shsftow required. As the tafi are f^arallel, 
lines paAllel to a pfcane throw shatiow on Jbe plane ^rallel to 
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themselvis and on a plane at right angles to it, at an angle of 
45 wiin tne line of intersection of the two plifties as the ray is*" 
taken inclined 45'^ to that line. 

We shali deal with two kinds of shadows (I ) tl/cfse cast 

• from^ source ^of light at an .infinite distanca as t'-e sun, when 

tne rays are practically parallel to one another "(II) those cast 
dfvergent near at hand as S lamp when tl>e rays are 

• Problems of Case I. ® . 





r* In fig. 366* P anj P arS the plan and elevation of P, 
Through P and P' draw lines inclined^ *45® with th^ ground line. 
These lines represefit the plan and elevation of the ray inter- 
ceptec^b/the point P. Where the plan of the r»/ meeiS XY 
draw pe^ndiculai; to meet tlfi elevation of the ray in S. 
< Then S is tTO shadow of f on wall In fig. 367, thp elevation of 
the ray lAeets 4he grouisd dine ISrsk and f the point S is the 
horizontal trace of thl«ray whicn is the shadow on the ground. 

137. Shadow of a ▼artioal lino partly op ground 
and partly on wall Fig. 368. 

AB^is the^#e^tical liney its pWo is'^ke point ad. Through a 
draw a line inclined 45® with XY and through A and B ip eleva- 
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,tion draw ^wo Hoes inclined 45^ with the ground line. •Find the 
traces of the ray? through A anjf B. The trace of the r?y through 



B is h* on the ground and the trace ofihc ray A is a' on the* wall. 
Part of the shadow is on the ground and is inclined 45® with 
XY and part of the shadow ga' is on the wall at right angles with 
XY. From this it is^een that a veruCal liye*ihrows shadow 6n the 
wall parallel to itself, and on the ground inclined 4^’' with XY, 

• * * % 

• • • ^ 

138. Shadow of a horizontal line at righj^ angles 
to fhe wall, partly on groifhd and partly ,on wall. 

Pig. 889. . . • • •• . • * 

• • 

AB is the; plan of th^line perpen(ficul|r to the* wall i. e. the 
VP Jnd ^ahs a point in the VP 'for its elevation, ^raw lines 
inclined 45® to XY from ithe two ends B and A in ^^an and • 
fronff tlje point bay and find ^he traces ftf the twoyays%\ aifd B 
as a' in the HP asd b'jn the Y,P*f The •shadow, of the lin^ 
is a'gb^ tl^ part a'g on the groufid is parailef to*AB and the part 
gb' which is on the ^all is inclinetV 45®*with XY. This shows 
that the ^adow of a line is inclined 45^ with XY on the plane to 
wfrich it is pefpenlicular. Practically it may be noticed that 
shadows of vertical pdtf is vertical*on the waH and is at an angle 
with Wi on the gnound. • • 



|l8. ^ ^ GEOMETRi(;AL DRAWING. 

• •• ■ 

139. • Shadow of a line inolined to^both the planes of 
projeotioa Fig. 370. 


f • 



AB is the plan and* A'B' is the elevation of the line. Tne 
^traces of the rays through A and B'are a' in the horizontal 
plane and b' in the vertical plane. The (luesiion is how to 
join the \wo points a* and b' in two different planes I'he 
directibn of the shatjow on die horizontal plane can he obtained 
by finding the horizontal trace of the ray B. Let the ray in the 
VP from B^ meet XY in /and from / dravr fit at right angles to 
XY to meet BC, the plart of thtf i;ay, produced \\\d' then d' is the 
HT of the ray through* B ; a* is HT of the ray through A. 
Join ad' wticli would ^c?tl^ shadow if it was not intercepted by 
the vail, meet XY, the plan of wall, in Join gb' which is 
the shddow.on the wall, aijd is^he shadow on the ground. 

140 Shadow of a square lamina paraxlel to the 
ground and one edgp p^allel to th^ wall Fig. 371. 

The pTan of the square piece ^is akdy a square, and its 
elevaftioiiais be & line parallel to XY. Find the traced of 
the rajis th|ough <r, 4).the 4 dbmers of^the square in plan 
and elevation. As 4 h^ edfee^(*i and*^(rare' at right angles to 
the VP their shadows ‘'on ^he ground are perpendicular to 
XY. The edges ({b ^nd de are parallel to both the VP and 
the HP and the shadows of these two e^iges are parallel to 
XY. Th^ shadow of the lamina is JgJd' on the HP and 
/gbW on the VP. ^ 
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, Shadow of a aquare lamina Inclined to 

both the plartes of projection, ^g. 372. , • 



The plan of the square piec^ is ahcd and its elevation is 
OiiclK Find the traaes of the rays throui^h rt, b, c, d, the 4 
corners of tfie S4juare in plan , and elevaiion. The %dge ab 
^rows shadow on the HP and itie edge *dc on the VP. 
The shadows of the edges be* an^ hd are partifr on the HP 
and partly on the VP. This is obtained by T'rob. 139, fig. 370. 
ih^ shadow of th* lamina ^is ^'b'lg on the H P and glc'd' OD 


142. The shadow of a cubical iblook With one face 
larallekto the ground and one face inclined 40 the wall. 
ng. 313. 


*rhe plan of die cube k No. j| a square, anij its ^levatlbn 
is No. 2^ two rectlngles aa hb fin^ hb <y. • TTiis is the first 
of shadows of solid figures. Tht shadow is a plane figure and 
it is evident that some corners of solid , cjinnot throw^ shadow 
as the riys fromjthem are intercepted by the solid. In this 
case the lop corner*!^ and, the .bottom carter d cannot throw 
• any i shadow, '^he vertical edges and cc throw shadow 
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partly on ‘ground and partly on ‘wall as Vgf £md c'le*. The • 
shadow on grounfi is a'b' c'lg a^d on wall is le'dTg. Parts of 
the shadow are hidden by the plan and elevation of the ob ect. 

14p. BhaAow of* a hexagonal priem^ lying on one 
fhoeon the ground afld.itn* axis is inolined to the wall. 
Pig. 874. . 



No. a. Tlv^ prism rests ^ on the HP oif plane hcdg wnicb 
c^.iDOt throw shadow. Rays from’ corners a, top h and top g are 
interceptv;d by the soli^ and cann^ throw shadow. The 
shadow on the ground is cbVd'LGg and on the VP is LgTG. 
The cornert b, top c and top d appear on the tight, the 
fcdge tdg* is partly on tlje ground afcd partly on the VP. The 
corners top g’and f appear within i the elevation an.d fg -'omes 
out as (Tig partly on ‘VP and pt rtjy on gioundi 

144. Shadow of ‘a h^agonal pyramid reabng on 
its ban^ on the grpond. fig. 376. 

The plan of the pyramid is abcdef and 'its elevation is aev 
As the pyr&mid it5t!> on its base on the ^bund its shadow is tha 
ibadow thrown by jts two edges fv anddv. The points f tnd d 
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146. Shadow of a oiroular diso.perpendioutar to the 
KTOundJbut at an angle with* the vertical plane. Pig. 377. 



The plnn is a line af with the same divisions as No. 2 of 
fig. 376. The elevation No. r is obtained from the plan and a 
vertical line ,(^/“cc|ual in length with <te the^plan and with the same 
divisions. The shadow is dliptical both in plan and elevation. 
The traces of the rays v^hich are on the ground are first found as 
.b'c'd'e' ap'l the tiaces of the lays which are on the VP are a'h'g' 
an 4 r. The curve through the points b' c' d' e' can be continued 
by finding the trace of ihevay through f on the grouno’ plane 
,RS r, where tht; curveV f' cuts th« ground line, is the point L 
to be jtoined by a smooth curve to Similarly tne point G on 
the left side is found 

147. Shadow of a vertical cylinder resting on ground. 
Pig. 378. 

*’ No. i^is the plan and No. 2 if^the elevation of the <^ylinder. 
As the cylmder Is restmg dn the ground there is no shadow of the 
bottom plane. The “two tangent lines, aa b5 throw shadow 
as aGa' and bb' and the right semicircle of the top plane a6s4b 
throw shadow as a'6^5 obtain t,ve proper curve bet- 

ween 4' ,^nd b> point n is taken^ belvve^n 4 and b and its trace 
is found in n'. , » . 
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14^. SlAdow of a horizontal cylinder inclined to the 
nm Pig. 8*70. « ■ • 



« • 

No. I is tlie plifn^and No. II is'the elevation of the cylinder, * 
The cylinder restj on the ground on line ii. As the ray# are 
inclined 45® and ceftnes from the left the portion of cylinder frijm 
22 to 66 which* receives light will throw ^shadow* The shadow 
line 22 almost coincides^wiih line 11. On the right side the 
points 2, 3. 4, 5, fwid 6 will throw shadow and a curve 2' 3' 4^5' 
6' is obtained by joinirfg the traces. 'Hie lint 66 will th^row shadow 
on the ground parallel to itself 6' L ^larallel to Ih^ length 

of the cylinder. Find the tiace of the raf- fotn life left point 6 
on the wall which is 6' j^n the left. L with 6' on Ihe Vl^. 

The tracer of tjje rays through 5 ^rr^the left fall inSide the 
shadow. The ti^ce of the r^y through left poinf 8 falls oy the 
ground. Find the trace of ray throifth the left point 7 on 
the ground, ^oin the point 8' with 7' hy a fair curve^itcuts 
Jhe ground line at G • Join G fiih the kft point 6' on Vii by 

a fair c^vj which completes the ^shadow. • | • 

149. Shadow ofli ooife resjinff'on ity haae t)n fhe 
ynroTind. Fi^. 380 ^ 

I and U are the plan and elevation of cone. As The 
base of the corfe isfon jie ground it throws no shadow. First 
find fte trace of the ray which passes tlyough V tfi^ ^ertex ^n the 
grouad plane in V^ from the point dMw tangent lines 
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ou tlje circumference of the -plan of fhejcone as, V'a and V'"b. 

V'ab Would ^e the shadow of the cone if^ therer was no VP 
c* ^ 

/ 


• V * 



intervening. Find ‘the trSce of the ray through V on the VP 
which is V'r Join with G and L where the shadow on the 
ground ^eets^ the wall., Tlfen the shadow on gromnd is aGLb 
P.nd on the wall is GV'L. 

• ’ » ' 

160 .' Shadow 6 t a oohe lying on it» slant face on 
the ground with its axis parallel to the V. P. 2 ^- 

* i 

I apd II are the plan and elevation of the coi.e. The cone 
lies on the ground on the line 5 V Find the 8 points on the rim 
df the bas; of cone in plan aj^id elevation by ^d rawing *a semi* 
circle on 15, in clevatio,r. ^The* trage of rpy through the point i 
is I ' in plan. *'Jdn V, tKe vertex in plan with i'. .The tarcesof 
rays through 2, 3, 4^ fall .within the shadow. The point 5 is on 
the ground. The shadow of the point 6, 7 and 8 ^s 6', 7', and 
8^ Join the points 8^ 7 \ 6', and 5 iv a fair curve. The full 
shador is V 6' 7' 8' T V. ^art hPit is covered by the plan 
which is dotted. 
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lasding. 


125 

• • 


Sfhdow thrown by 4 eWiM, th* «>P belnfc n 
Pig. 3^- 
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152. Bfiadow of* a cross standing ona ^uare slab 
opoif another slab. Fig. ^3. 



Ylint^ for drawings the shadow A In plan AB is the lower 
and FE the upper‘slah. KL is the shaft of the cross and OH is 
the arnr^'of the cross of the same sj^ction as the shaft. First find 
tke sbadoy^ of the slower slab which is AafcbB. The shadow 
of the upper slab coices out .»of it at f jind c ks fkle'c. The 
shadow of the, sha{^ edm^ -i^ut of *the last at k apd 1 as kqml 
on ground plane ap.d qnjpa'rKk'oq on ihewwall. A little portion 
near r is coverec^ tV shadow of the arm. The. shadow of 
the arm is gh'ihm'ong. The projection, of the arm from the 
shaft should l^e .little more |han the height of the portion above 
the arm. 




SHADOWS. ^1J7 

Ids ^adow of f cone first ^alls on tlie ground, is 
tben obstructed by a rectangular prism (lying *dn one 
face on the ground and at angle with the wall), and 
then appears on the wall. Pig. 394. 





' ‘X 4 ■' *■/ *' 

/r • 









/•Vn 384, 


K there is no obstruction the shadow of the yne 
on the ^^ound plane.and hp\|on thQ#waU (prob.^MO fig>3o®'* 
The prism of wood CE interfere*, ^nfl tl^c Ahafiow rises 
aU^ nf thp nrism. Protect KLonthe 


The prism or wooa tji:. w.......... ..-^_upon 

the nearest vertical fa^re of the prism.^ Project KL on the deva* 
tion as kl. t Find v*, the Vertical trace of ;h|: ray, through the 
vertex V on^fie proiejjgation of the vertical plane of the prism by 
assuming CD as the ^cwnd Jine. . By joinii)^ Jtl wi^i v* the 

. . 1 1 tn./ .L. 


assuming CU as the grcwna ime. . By joining jtl wijji v* tlw 
sbadowil lit' on (he vertical facj of ^e prism is obtained. 
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The shadow then appears* on the top kce of the f>rism ieen in 
plan, by bending from k'r. 'Project Vl' 09 CD at t andv. 
Produce the tdp plane of the pftsm indefinitely and imagine the 
cone to be cut at a'b' in Uivel with it. Find v* the ^^)orizo^tal 
trace of the /ay through v*al level a'b'r. From v* draw* tangents 
to Jipq, the horizontal *secti/)n of the cone In level with the top 
of the pristh. The shjfdow on the lop of the prism is /rrV'. 
The prism throws shadow Part of the shadow of the 

cone on the wall (hgv) is hidden by th*e prism. * 

154. The shadow of a aiiuare cap on an ootagfonal 
prism. Fig. 385. 



•The shadow is to be * shown on the ^vertfcal faces of the 
octagonal piVar shown ^n plan as aABCDrf. The capital in plan 
is EFG. ^ Here the jjround Kn« is not XY, but the outer line of 
the plan of the ^risni aAbCD^. From the corners aABC of the 
plan dra^w lines inclined 45'’ bjck to intersect the platl of the 

.capital. Project these foincs oh tht lower Une of the tap in ele- 

* vatioik From the corney F of the cap 'draw a line 'inclined 45“ to 
meet the ground liri-j at/. From the ‘points E'nVA' on the lower 
line of the cap in elevation draw lines inclined 45°*and intersect 
them Vespectively by projections ftom the Corresponding ^ints , 

^ a/f/BO'of #ie ground line. Tlvi i)oints pf th^ snadow 

* are obtained, l^he plane TD^of tne pillar is (n shade in elevation. 

The shadow is which nferges in the plane of stiade c'd. 

iThe following shadows are all projeefed in the same way. 
The figures explain 'the constructions. , ^ 

165. Shadow of an ootagonaLoai/oii a square priim. 
Fig. 888. » ^ 



SHADOW. 


tlt9 

• 156. Shadow of* a droolar cap on a Bquare«>HBin* 

Pig. 387. ^ ^ r . 

•• 

• • 

16*^1 Shadow of a square oal>^oQapyiinder. Pig. 888. 



1 58. Shadow of a circular cap on an octagonal pHstn. 
Pig. 389. • 

169. Shadow of an octagonii cap* on a cylinder. 
Pig 390. , 


160. Shi^ow*of a circular eap on a’ cylinder. Pig.*301. 
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1^1. Shadow of a oiroolar flaage upOD,a horizontal 
oylindar.. l^ig. 302 

In fig. 392 the side elevMion r serves the same purpose as 
the plans m the precedirig examples, (ni' is the Jrst and dd' 
the last tangential ray throwing shadow. '1‘ake any number of 
points between n’ and' and draw lines inclned 45° from those 
points to the root of the flange. Trarsfer the points in the flange 
of the side elevation to the flange in the front elevation fig 2 from 
Draw lines from the points n* to inclined 45 '. and 
inlersect them by horizontal liries from the points a to d on the 
.cylinder roints t, 2,3, 4, 5, band 7 of the shadow are thus 

.obtained. From the tangent point draw a horizontal line for 
the shade portiop of the hori/ont.d cylinder 



A /ew cases of shadows thrown on curved valh, dr on the 
coriter of two walls meeting at a {^inf, are now shown. 

in these cases t^ie construction is the sann^ as in previous 
caa^s, the only tfiffercol^fe i§ ihariht^grwn^yi line is changed. 

102. To de\Armirie *1he shadow of a straight line 
oast on the concave faice of a ourved^wall. Pig. 393. 

AB and » .VIF a/e the plan and elevation of a thick 
wire throwing shadow. Cl) is the concave face of a Qgrved 
wall. ■>The f^round line is C D Tfi'e‘*shadow 12345 in elevation 
is obtained by dra'hng 'ines inclined 45® from the points in- 



Shadows. 


W 


t • . ^ , 

A'B', the elevation, and* intersecting them by projectior^ from 
the corresponding *^oinis in the ground line. The coftdkvt/y of 
the wall ^ elevation is express^ by the bending down of the 
curve of shadow. • * , 

• • 

163. Shadoicv of a straight lihfe pn^the convex face*of 
a curved wall. Pig 39^ 



AB and A'B' are the plan .iiul f-lf'vafioii i^f a thipk wir^. 
Cl) is tfte convex fare of*a curved^ w.m. The p.xrt \h of^thc wire 
throws ^h;a1ow the rurv*d end* the reqiaining portion 

EB throws shadow on the- ormmal ver^iral jrlane. Hert the 
cr 7 /m’.v//v of the wall CD is Vxprtsstd in the# clcvatiPn by liie 
bending a/f of tjre curve of the vhadow. • ^ 

* 164. Shadow of a straight line dast on t||e outsidte 

corner ^f • t^o vertical v|all« q^eting at an angle. 
Pig. 396. » • 

A B and A'B' plan and elevation .of the wire throwing 
«ffiidow. ^rh^, outside r(/rner t f a wall in f»la« is CDE. Part 
of tbe shadow tails ton the vertical plane beyond the wall. 
ITie shadow on the wlW? is \d n l>ending uj# tpn the outside 
CQrfler. * 



i 
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M5. 8h»dow of a atraight Utia cast on tba in|^ 
oornaf of two vertioal walls meeting at da angle. Fig. 890 
• Here the shidow falls oSi the inside corner of two walls and 
(he shador^bends down. .The construction requires no CEplanation. 



aemioiroular nioioe li tnolies wide and 2} inobee high, the 
t€M> of the reoeee be&ng round and' the lower pm flat. 
Fig. 807, 

Let I and a be the plan and elevatidn of the niche or r^icess. 
Take ar|f » number of points a', e*, etc. in the arch over the 
fiiche and hqd the ^Corrnponding poipts a,c, etc. onHPQ Ut die 



'S|1A00W6* 

• . * • 

[)lan, t)nw fr in plan ii^ined 45°, the^ portion of the curve of 
ih^back of the rec^ from p to r is in shade. From p' in eleva- 
iion draw p's inclined 45° and in^sect it by projdbtioo from r. 
Then pp's^' is the shadow for the .cylindricai portion of the 
niche. XRe shadow of the ed^e of the arch begins frqin s. Draw 
the line incline^ 4$° draw the* projector bb' ^till it inter* 
sects the line a'b' inclined from a' in elevation. *The other 
points of the%hadow below jhe soffit 4 of the arc(j are obtained 
similarly. * * 

• • 


Jr4- 



Draw th« line (rrf in plan with 45*^*fct sotaA and the projec- 
tor dd' till it meets theline c’d' inclined 4S®Trom c' in clevatipn. 

. ... J .r in a nIoMMk AM til* tifk* tA 


lUfuu uii II .fj ......... 

Now the curvtof dte |offit of recess in a planer on llte line id 
is t« be constructed, •whi^h can be done i|t plan by producing 
thejfne d^ till it meets the continuatidti ofjhe pltmof tbewecess 



'I f ^ 
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• ^ 

ill f. Bisect df in e and with ^ as^ centre construct a semi- 
circle^ df. ^ The quarter of the arc is shoKi as Vg. Draw ah 
perpendicular to fd and equal^o /t' d\ the height of the point d' 
ffom the horizontal line through^ihe springing of the krch at p'. 
Join hg in plan, wlfere it*cuis the arci^^ is the point m Draw 
th^ line mji perpendicular to /</. Draw the projector nn' to 
meet the line c'd' inclined 45® from c/ in elevation. Then n' is a 
point of the shadow. Kind otl^er poipts in the same way and join 
them to complete the shadow. The shadow terminates at / 
the tangential point of the arch h 45° 

\07. Shadow of a rectangular lamina cast from a 
Juminous point. Pig. 398. , 



, The principle ef constructidh for finding the points of 
shadows in* these c-'ses differs |-om the previous cdse^ in this 
that the rays •.are drawrv'radj^ating from projections of the 
Itiminous point to '^he corners of the object instead of parallel 
rays through them inclined 45° to the ground line. 

Let L and L* be the plan and elev|vtion* of the luminous 
point apd ABf^D is the plan of ijie rectangular lamina and A'B', 
its elevation. 
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Dftiw lines' from Ltlyough the corne'Vs.A, B, Cfand D ot the 
laftiina till thc^ the ground' hne. • 

Draw lines from L' in elevati<y» through A' afld H' the two 
corners oflhe elevatinn of the lamina., • 

Fmd^the traces of the rays as nn previous (^ses for the 
points of the shad(^w.* •• • • 

The shadow of the edge is I’O on ihe gtound plane 

and of the eAge DC is SR on the vertical plane. ^ The portions 
of the shatfows of AD and on the ground are parallel to the 
edges. *Draw Pg and Qh parall^ to .AD and BC. Join gS and 
hR for the shadow on tne V. P. . 

168. Shadow of a triangular pvramid caat from a 
luminoua point. Pig. 399. • 

• 
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vertical plane^ reapectivfily- Join C pd B in* plait with 
V meetinjg the ground lineal / and A. Join^ and A with V*. 
The shaoow ort the ground plai^ is ChBg and in the VP, ghV'. 

• In these cases as the light is near the object thjj shadow 
is much bigggr. • • * ' 

«169. Determinei tha dine of separaticvi of light and 
shade in plan and elevation of a given cylinder which is 
(a) parallel to both the planee of *ojection, (fi) *perpendi~ 
onlar to the "ground, (o perpendicular to the wall. 
Fig. (400a, b, o. • * 



. (<t) ' t and I are plan and^eievation of the cylinder when it 

is parallel to bdth ihcpfanesof projectiori. Here the cylinder 
is norieontal. ' 

, I^t A’ be th,e side the cylinder in plan No, s. Draw 

the tapgential rays inclined 45° to A. .The portion adb receives 
light. Of the semiQ’rcle* cad which i«*in front the.portion is in 
'shade. Draw a projector from a. The upper odrtion of the 
cyiindtr is in shade. ^ ^ 

' Ldt B ha the side view of No. 2, the elevatiQn,. Here the 
lower portion of the cylin^ier^s in shade. ^ 

(fi) When thb oijindef is* perpendicular to the^-ground the 
plants a circle. Draw tangential rays to this circle. The right 
hand portion bd tj hi shade. < .. * 

(r) When it is perpendicular tojbe sTall the elevation h a 
drclo. Craw trtigeDtial rays to* thistle in elevation. 
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proje<!tor fr^ b. The/ight hand porddn bd of^tbe plan is iiv 
shade. • ^ 

170. Determine the linepf eeparatioa 'of light and 
shade in elevation, of a hollow semi-cylinder plaohd 
horisoiAlilly with the oono^ve side in rsont. F^. 401. 


a h • 



A is the side elevation of the end pf the hollow semi- 
cylinder. B is the plan and C is tlie*eleyt}b9. ^ % * 

Take points in the rim of the upper hall of the side vifw 
as a,b,c, 4,3.2,!. Drawa' i the .seilfi-diyneter of the fide View 
and dravP perpendiculars from the poititi a, b &c.*on this line. \ 
In B the side ai fs efj^al to a' i of|he elevation. Tsansfer 
the points in a •! of the elevation to ai of iHe plan. Draw rays 
inclined 45°* f(om the points a,b,c of the rim in side%levation.* 
D The pjrs intersect tfie arc at i,S,3 respcctivt^r. 1 he rav throAh 4 it 
tangential. Paaw lines inclined from ^b,c of the plwi B imeracc- • 

ling horizontals frocDfi,2,3 of the pjas^ift I'a'j. ' PlojectShc jloinit 
a,b,c and 4^n the side line of the elevatioi^repreaeoting the end 
(rf the semi-cylinder. Trojcct boHzonttlly from 1, 2, 3, of the rim 
in side elevation |ill they meet projectors frocn'iT and 3' in plM. 
THese are the 3 poind curve of the shade. The 4th point 
rajf is uyigential therefore the *cunr^ en^s at f iff the dlsvation. 
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Draw a horizontal line froiJi i in c for thejower line of the shade, 
ruc 17 it. Determine the line of eeparatien of light and 
abade of{a given right cone. Ji'ig. 402. , 



i is the plan and 2 isthe elevation of the cone. Draw tang- 
ential rays incliluvt aS ’ H of (''•'‘o portion CH 

is in «?hade, Project 'ilie point C to c on tht; groilnd line Join 
cV in elevglion. Thu phrtion'cVb in elevation is in shade 

172. r Determine Th/» lib© of separation of light and 
shede of a given spnere Pig. 403. 

1 et T.and 2 he the nlan &nd .elevatiorf of the sphere. Draw 
Aiys elevatifin .u t/’ and d' and‘to theM>lan at 

e and f' In elevation th^ portion b r^d' receives li^ht therefore 
the 2 points in the '’ line of separ.ition of light sind shacj^ »n 
ekvation ill h' and d'. Similarly the two points in the line of 
seprratlgn of light and 1 shade in plab is e and f as e.r/ receives 
dicht. Proiefe the points e and f (>n the elevaiionr as e* and t 
and project the- points l>'''ai>d,d in plan Is band d. hV 
method four points irf'he line of separation of light and shade 
are obtained in plan and Elevation. An elliptical qurve can 
fairly be drawn through these 4 in erch case • Only halt 

the curve can be seen in each case whir^^are drawn • 

THE END 



%« CALCUTIA UNIVERSlfX QUESTIONS. 

L. *E. AND B. E. V!i(IM*I885. • 

1. Find by construrtioy a point on a given liry which shall be 
equidistaih from any two points siiifatcd outside the line. 

2. * Construct a triangle wflose ba*ie shall be 2", altitude 3'' ^ 

and vertical angle 30' without using a protractor. • 

3. Draw a SIX sided irregular figure and reduce it by the 

parallel ruler to a triangle of eqtfal area. * 

4. A tin cylmdlr 6"' diameter ts penctraAd, centrically and 
^ J right angles with the axis, by a smaller cylintfer of 3" diameter ; 

* show how you would proceed to draw the outline of the whole on 

the sheet of tin before bending it into the* form of the larger 
jCylipdcr. 

!)raw a square irfreadcd screw 2" nutside diameter,, thread 
V ' thick and ,'4 " deep. Abbu^i 3" of the length of the screw may 
be drawn. ^ • * , • 

6. Draw to scale a triangle with sides 3, 4 and ? inches 

and without thl^id of a protractor make a triangle equal to it in 
area and having one angle of ()o'\ ^ , * 

7. In an angle of a square of two inches s^dc construct a 
square one-half ^e area dff the original square. 

8. After cor.sttuclion of the ’squarf within the square as 

required in question 7, the remaining porimn of theiarger square 
will be a double rectangle, draw by simylc*j;comrynr c%nstruction* 
a square equal to the double rectangle. . , 

9. Draw a diagonal scale of«ya**ls,.^ yard to i inch, to ’show 

feet and fbehe^* • * • , * 

10. A plane surface in*^lan is repreurnted by a square* of two 

inchef side inchned to ihe horizontal plane at %n angle of 30^ On 
the projecti^fn/>f this plane draw a line intlincd to the •horizontal 
plan^at an angle of»2o\ • P • ^ 

It • Di^IK the horizontal ^nd vertical projectioiA of *a right » 
pyramid with a horfeontaW base ol^ o'^e inch sjde. iHei|fht of 
pyramid isai inches and the axis*is fticlme^ jo'" to the horizontal 
plane, the horizontal •’projection of thf axi^ being inclined at the 
««ame angl« to the vertical plane. • , 

• * t 0 

« 12 Draw projecions of the section of a vertical; cone made 
by a plane inclined 45* ^oPthe liorizcutal plane * siiowing* also the 
fbeiQ of she section ii^ its own plane. ^ 



QUESTIONS. 

• ' 

1 $, Draw the projections of a V thre%jed screw* with an out- 
side diafivtter of 2 inches, the pitch and depth of^crew^ being | 0^ 
an inch. 

'14. Malce an isometric drawing of a wooden cross ^made by 
the intersectirvi of twcr beams i foot square and 4 feet length. 
Seals ^ ^ • 

1 5. Assuming the horizontal and vertical traces of a plane, 
(neither of whicl^ are perpendicular to the intersection of the 
horizontal and vertical planes) ^d th% projections of* a point, 
draw a line from the point perpendicular to the plane and shewing 
'the point of contact with the plane. 

16. Construct a plain scale of miles shewing furlongs, 

na.ural size. c 

17. Construct «a diagonal scale of metrqs proportional to a 
scale of I yard 1 ( inch reading decimetres and centimetres and 
make on it a length of 1 metre 2 dec. 3 cent. 

I metre— 39*37 inches. 

18. Draw an equi|ateral triangle of* 3 inches side *and 'by ' 
simple geometrical construction make a square of.equal area. 

• 19. Construct a rectangle of 8 sqhare inche,s area, and from 

any point in one side cut otT by a straight line a portion equal in 
area to ]* of it. 

io. Draw the horizorital and vertical projection • of a section 
of a right cone above its ba^e made by a plane inclined 45" to the 
horizontal plane' and whose horizontal traewis inclined at an angle 
to tha vertical plane. ■ DeveVop the section and show a practical 
method of drawing the coirect figure. 

. 21. I^aw the hor^ontal uqd vertical projections of a right 

octagonal prism, *one face "toeing inclined 30^ and 2 corresponding 
ed^s 20^ to the horizontal plane. c 

^ 22. A'siuming the lfv^rizcntal'*^and, vertical traeps of .1 plane, 

*not parallel to either plane, and the prqject'ohs of a point above 
it draw any line inclined to the plane at an angle of 45'^ from the 
point and show the pdint of contact with the plane. , r 

23.. Xssuming the horizontal ,'*nd vertical projection of a 
tplnre of 3 nches diaf.^eter, shew the point of contact of a pCane * 
4tangePtiaI to'* it and inclined 45^ both vertical atvd horizontal 
planei. £A aw the traces otthapjane. " '* 

24. Given the tracr* and inclination of a plane to the*' horizontal 
planei’ find its trace upon dnd inclination to the vertical planv 
Construct the aoglO between the traces of the plane, c ' < 

as* A right cone has itt bate inoMpea rs^tothe borizonfal 
plane. Draw tHe shadow thrdwn by it on that plane, tlje Ugjit 



QUKaXIOM. 


/ ' 

* passing ove^ your left shbulder so •that the projections of a fay will 
make an angle of%s° with the horisoatal and vertical planet/ 

26. • Draw the isometric pr^ection of a combined cubejind 
tetraheiiion, side of cube is 2 tinches* and face qf tetrahedron the 
iargest that can ^ inscribed in slue of^ cube. aConitruct the 
isometric scale. • • • • • • * ^ 

. , 27. Construct withoit the aid of a protractor, a pentagon of 
2 inches^itle. , ^ , 

2^. Make by simple construction a square equal m atea to 
three fifths of the pentagon in question No. 27. « 

29. Construct a simple scale of i mile 2 furlongs « 2 inches. . 

30. Construct a compare^ive diagonal scale, to one of i mile 
« I inch, of knots to show decimals of a knpi to two places of 
•decimals, i knot =»8o feet. 

> • 

^ 31. Draw the horizontal and vertical projections of a line ;~- 

(a) Inclined 30° tO the horizontal ^ane, and in a plane 

• » ^ parallel to the vertical plane. 

• (b) Inclined 30° to the horizontal plane and in a plane * 
ificlined*30'' to tll^^rtical plane. 

(c) Inclined to the horizontal plane at an angle of 45* atd 
in I (dane inclined 45" to both horizontal anjd vertical 
planes. 

32. Draw the vertical and horiz^ta! prdjecUont of a tetra- 

hedron whose base is it^lined 40° to the horizontal, plane, and the 
-horizontal projection or one of the sides of .whose base is inclined 
at 30* to the vertical* plane. ^ * 

33. Develop the surface of tb^ above^tetrabedidn dn the hori- 
zontal plane. * • « • 

34. Explain and illustrate by the principle of isome- 

trical projection. Draw the^isonf trical plpne. . * 

35. On*a plane* whose traces are inclined * to both hprisontil 

and vertical planes, draw* the projectidbs a tine inclined at any 
givdh anglo to the horizontal plane. « 

« % ^6. Assuming the proieAions of a poii^ above a plane, the tgMts • 

of sftkh aiy inclined to botlw horizontal and vertical pllnes an^ 
which maxes an ai]^1e 0^30^ * with tb^ horizontal plaiy, draw the 
projectiong of a line passing tbitx^ the poiat abd inclined it an 
angle of4S*’ totbedfiveo plane. S^ow tlte point of contact with^'^ 
iwwthe plane and of contact with horizontal or vertical plane dir with 

both. •• • % * . • 

e a 

37. A fight prisift Vith «octagooal ends 4 iie one #f iu fiKta 
Ibclindd 50* to the, boriaontal plao% ondr the horizontal projoctios ‘ 



QUESTIONS. 


of iti axis makes an angle of 25° witl} the veetical plane. Draw its or* 
thograi^K projections, the prism being 3 inches ir Icnglh and a sid^ 
of regular oclagbn is ?4 inch. |.* ^ 

38. A plane inclined 45"‘to the ;i^ertical plane cuts thefprism in 
position in question '37. Show the section on the horizontal and 
verlkal planes^ • 1 • ‘ * • 

30 Draw in isnmetrical projection % tower obtained by adding 
a right pyramid, ,one inch in height tq one end of tWfe prism’ in 
question 37, the base of which coincides with the end of ihe*pri>m. 

^ *40. A sphere of i inch radio? rests on the horizontal plane. 

Assurr^ng the horizontal trace of a plane, not p-rpendiciilar to the 
vhrtiral plane, draw a plane parallel to the assumed plane touching 
the sphere and indicate the point of onntart. 

41. Divide a hrianglc into two equal parts by .1 line parallel 

to one of Its sides.* 4 

42, Draw a circle which shall touch the two lines of a given 
angle, and pass throug*h a point within the angle. 

43 Taking the honz >ntal and vcrticaj projections ofgnywvor 

points so that the straigta line pnning them is not perpendicular- or 
parallel to either plane, find the corjc^t length* of the line and its 
4ingle of inclinauon to one of the planes* $ 

44 Draw the horizontal and vertical projections of a right 

pnsm, 4*inches in length with a tegular pentagonal base of i inch 
side, ^ resting on a point of its base on the horizontal plwne, the axis 
being inclined to the hon^ntal plane at an angle of 30 , ihe hori- 
zontal projcctich) of the ax s being inclined tat the same angle to the 
groutpd line. • • , * 

45- ^ cylinder with*a diameter of base of 1 inch interpenetrates 
.the prism AS projected imder th« /-ondiiions of question 44, so ih.it 
the axis of the cj^indef is i^ the same plane with .and cuts the axis of 
ibi prism* at right angles. Dn»w the elcvatipn of the combinafioo. 

46. k* sphere of 2*'fnches Oliameter raised qne in#h above 
• the horiamtal and 1 inch away from the ^erlital plant is intersected 
by a plane inclined 4;'' to the horizontal alane and incltned alsij to the 
^vertical plane. Draw the correct 5e<tion and show ^he poaii of 
contact wl'kh the sphere of a plane parallel to the^ cuiung plane and 
toqrhin^ the sphere. h « 

«> 47. Thr^e lines whiclj. are 1,'^ 2, 2j< inches in lt'iTglh*’and are 

mutuAlly aV rightcangles, C(»nytrge from* abovt, and meet at a point 
in the ground plane ; tje 3 ‘2' inch line prolonged fonfis angles of 
60'' yith the. vertical and ground p'anes. ‘ Find the plan And 
elevation pf these •hroe lines. ^ , 

48 Aright hexagonal pr 4 sm of t inctfes side and 3 inchtrs 
heigbt siands HaKtnctng on vwe its pofnts, the plane of its axis 
forming an angle of 45^ t uh tke verpcal plane.; draw the pban aifd 



. quest;ions. 


• 443 


jslcvation. V Also draw* the contours of the solid taken ^at every 
inch level meaiured from the ground plane. , •• 

49 * A survev of tract of cou^irv, 14 miles by 10 miles in ejitent 

is requ^ld to he plotted so as to fit on “imoenal” sized sheet of 
paper. Note what scale would you adopt. Ilmperia^size “JO in. x 
22 in. , • • • • • • 

50 Draw the plan atd elevation of an equilateral triangle, of 

2 inches^si^les, o-ie of iliem*Keing ^t right anglo tn the vertical plane 
and one mch above the h<inzontal phne, .ind the other tnilin^sd at 
an aifgle of 30' to th** latter. • "* 

51 Find the shadow in plan and elevation cast hv a <ruhe of 
2 inches sulf*, paiallel with, and 3 inrlies distant from, the veitical 
plane, ih** cube being pi, ired evenly upon a light squire prism* of 
one inch si le and^3 inches height, standing dnigonal wise upon the 

^hor zont.al plane. laght at conventional angle , 

52 Draw a rerfnngul ar figure with an area of 45 •■quare inches 
and stale to what s( ale It should be meauufld to gue an are.a of 

square feet, dtaw the scale 

• 53T Draw three lie^.agons of I 'i inch 4'de in mutual roplart and 
fonsinu'l by gnphr means*a square of h.alf their < omhmed area. 

54 A sijiKwe disc 1 side rests upon a plane \vh*^%e 
vertical and hor /.ontal traces make angles of 20 and 50' respectively 
with the gp'ufid line and lies in such a position that one of*its points 
touches the^gronnd plane and one of us diagon^ds is paialM with 
the horizontal trace Draw the plan anif elevation of the disc 


55. A ihi^ plate 24 x i" poised tn the position ’indicated below 

IS set in motion thrt^igh space in thc^fwllowintt manner • 

It first moves vertically to the ex’cot of 2", and isetbrii tilted on 
its right edge through an angle aqd fraveK horuoi|tally to th«c 

lef*! for a distance of 2 inches. .Supposing the sp.afe thus cut through 
to fofm a solid, draw ^s form and the shadow cast hv it on the verti- 
cal ancUhori'/ gital planes by.lightfall^ig T» the convent usital angle ^ 

56. A c’one, whcfse Vigbt is 3 inches and base i ipches ih 

diameier, is ^apposed to*he lying on its*side^with its axis parallel to 
theA'eriicab plane It is intersrried on the side tow.irds t^e spectator 
hv a ph'Use, pftrall^ to the vesical plane and inclined at an^arrgle of 
75^0 the horizontal plane. The poninrl removed is sych tjial a* 
segm«4u rUfhe base 6f the ron^ is cm oflf whose versAl sine is a third 
of the dnmetcr. Braw the plan #in« elcvapoq of tic cohe after 
intersecii^, , 

» 57. ^Project the shadows cast dl the conventional angle of 45’ 

00 the veriifal »nd jjorizonfal planes hv two ^iftre prisms* (T side* 
•nd 3 inches height of which stands on end, sqqare wiih ihe 
vertical plane, and onc^nch djaiant from it, and^rte othei is laid flat 
6n Gift of its side#, .tOMcbini^ th« prism and with its axis 



QUaSTfOWS, 


iflclioedto the vertical plane at ^ngle of ^5° in such a<^manner tba^/ 
the end ifhar toithat plane is turned to the right'and is half an inch 
aeiay from it, •* < 

58. What hriefij^are the object*and advantages of th^ fsometric 
method of prmection ? Explain the isometric scale. 

t * I • * • 

eg. Four equal spheres of mch diameter, each touching 
the <^r three and thus forming a pile, ^est on the grognd plan^in 
io<db a way that dne of the lines vArhich sjoin the centres ol the three 
inheres in contact with the ground is at right angles to the vertical 
r plant. Obuin the plan and elevation. 

6d, The given hgure represents a right cone, whose height is 
3r, intersected by an upright hexagonal prism of sides. Suppo- 
sing the prism to be removed, draw tne elevation of the cone. 

• e 



61. tkmltruct a diagonal « scale of i )4 inches to the mile to 
show milc^, fuHUiigs and chains *and mark on it a length of 2 miles, 

3 Rtrlongs, 2 chains. What i^ the representative fraction /7f this 
scale? *, #• * r * 

62 In an equilatetal triangle whose sid^ is 3 inches draw three 
cqaa) Circles, each circle xa temch the i^her two as well as two sides 
triangle. « ’ e « 

6 $f X hmoagonal prism 4" long. I" aide, f\and»>with one edge 
oi ^ iMiami the H. P.tind has tis aids inclined at 60* to the )I. P. ■ 
and 3o*'lo tM V. P. Draw Its plan^ind elevation. *. ^ • 

<(4. A wish ;i Vase of i tneh^ diameter is cut by a 

pliiie paashig throughVile oeetie of its beighr and makihg an angle 
of %o? with Aieplatit of its haft ; project the fection on the plane of 
fts baaaard de t atSh f w a the true foirm of the aeopba. . • ' * 

65. A lint 2 inthos hMig has its lofer Imd i* above the H.«P. 
and the ^.'P. it is inclined 45^ to tjbo H. P. and 30* to the 

V. P. Determiof its bol kont# and tnrttcal traces. * 



B.E. L.E. QUESTIONS. 

66. * Assilaie any two lines as the horizontal ancfvertical traces 
a plane an<^ show how*to determine the true inclination!^ of the 

ibove, to the two pianes of projecting. * 

67. Pind the vertical and horizontal traces of a plane tangcnfi- 

al to a gi An sphere the point oT contact to be any point in the 
lower half of the sphoae. • » • ^ • 

68. A right cone whose base is i inches in diameter and height 

4 iTTehes, res^i upon the horizontal plane so th.at bojh its base and^ 
apex touch -the horizontal ant vertit.il planes. The*cone is made^o 
rotate on its axis in the direciiory away from the vertical plane :|nd 
one complete revolution is effected. Draw the plan and elevation of 
iht cone in its original and subsequent positions. * 

6g. A glass inkstand in th^ form of a square pyramid 4" higb 



has a base of 2, '2 inches sides, of which 
one makes an angle in» plan of 30'’ with 
the ground line. At a height of 2)4 
inches above the horizontal plane t^e 
pyramid is divided so as to form a hinged 
lid to the inkstand. Draw its plan and 
clgvation assomirttf the lid to be Apened 
to angle of 45 ' in the direction most^ 
divergent from the vertical plane. 

70, Draw plan and elevatioq^ to a 
scale of of the group of objects shown 
roughly m the margirtal figures. Also 
draw the sectioh on the line Ali. 

71. Two semicircular vAults intersect, 
in CD. they, are c(|ually wide. Drawvthe 
intrados re?ultinK''from a section taken all 
ongjlhc linp KFti. J:'D isonetoui^ of CD 

. ^ 










B.E. AND L.hi (^UEBTtONS. 


72. Three spheres- of 1", 2" and 3" diin»eter, respectively rest, 

on a hcffi^pnial plane, touching one another. Diiiw a mil size plaff, 
showing by dotted lines, the par^ invisible from above and showing 
al<b their points of contact. * • 

73. A ctne of bJlse Ifl'! dia. 2" and height 3" lies on^ihe hori- 

zonfal plane, with its axi# u.narflel to the V, it is cut by a hori- 

zontal plane ^4 ' above the rl. P. Draw plan of the parabolic section 
showing clearly by piojection the method*of obtaining 11., 

• 74 - AflC is a semicircular l;finma oT radius 7 inches \^ich rests 

vertically wiih its b.'fse AC 
in a horizontal plane. A 
string of 22 inches has one 
end fixed at C and is coiled 
roufid^the arc so that the 
other extremity is at A. 
Theficeeiid A is revolvd' 
in the vertical plane of the 
lamina sons to keep the string always taut 'frare out the curve 
described by A until it reaches the hoiiz int^il plane again • * • 

75. Take three points A, 15 , C in»a stiaigtt line. AI 5 =»i,^^iH, 

iJCaiiVin. U between .A and t’ Tl^awa rrrian^lp, the sides of 
which are in the ratio 2 : 3 vertex at 15 , and 'uvo suIcn pasmng 
respectively through A and C Draw another regangle of double 
the are.i circumscribing it and leaving ecju.il sjAces between, all 
round. • % * 

76. I)ra'v*in isameitic ihe dial of a ^lock of 5" diameter, half 
full ^i/e with the R«min t^umbers. Draw the Ifiur and minute 
hands showing 10 mmutts passed 9 o’clock. The dial l^ horizontal. 

, 77. Determine tb<k shadegv^ cast upon the interior of a hollow 

cylinder fn secton phrou^h ax% by a circular piston fitted into it 
wRicji is hot in section. The^lindcr is vertical ^ 

^ 78. *l)raw a scflor#\)f nil le ^ r.iSms containing^ an angle 

• of 120 . Bisect tVie two sides* ami the arc, and a triangle by 
joining the three points# Tnis» •«crtot^*is the dcNeloptneni of the 
^surface of a cone ifid the triangle, lines on us snrfsre Dett^minc 
tb« plan Ibd elevation of the cone with the lines wty;n*it rests with 
its.basV on the ground, ^ • 

♦ * I • 

- 79- A Cylindrical pip« turnin|P at an angle ofM^o eis to be 

formid olt of g, sheet of measisring |ft. bv 9' inches, the 

arms of the pipe to* breach * a foot long. Djraw the elevation of the 
pipe; when it rests on the gqpund on one end with the other arm at 
45* with V.P. aUraw alio the development of the sufface of one* 
arm, scale f^. f ' * 

8a ^Draw t4lie plan of a poriton 4 ff- square of a door made 
up of hexagonal jiles of ^'incbfs shie& Scale tV- * * 




B.E. AttD L.E. QVESTIONS. 


I 75 •if. diameter toUches both planes of 
projection. Determine the traces of a plane touch^pg th« sphere 
and inclined 6o" and 45" to the*^oriz.)ntal and vertical planes 
respective^ ^ • * 

82. A cylindrical chimney 18" diaifieter Is to be* fitted to a 
sloped roof of a ^mflh's shop. The*r*s^ (if the roof 4s )4.'th of Ae 
Draw the hole in the ||Oof for the chimney. 

F. i88jtoi(;io. , ^ 

1. From a point near the extremity of a given line erect*a 

perpenchcular. Drop a perpendicular upon a given line frorrf a 
point which IS nearly over the extremity of the line. • 

2. Cut off the corners of a given square so as to form a» 
regular octagon, without the use 01 a protractor. 

3. Construct a ref tangle one side of which is ij" and tite 
^gonal 4”. 


4. Draw the plan and elevation of a truncated hexagonal 
right pyramid with the following conditions. Hase, a reguidr 
hfcxajjon, ^ach side uf whjch is 1', . Two sides of the base arc 
inclinad at an angle of 1 5 to the ground linvi f (eight of pyramid 
3". The truncating plUne is incipied at 45" with the horizontal and 
IS perpendicular to 4 he veitical plane, ami tuts the pyramid at 2" 

Up from the base. One elevation is rcquiied showing the appearance 
oi the solid as vl^cd in a direction parallel to the ground lide and 
another of the %olid as viewed at right anglej to the ijround line. 

5. A hexagonal obelisk in the centre of a flight of steps, the 

bottom, middle and top stops are r^pectivcly 4 ', 3" 3 nd 2 square 
and each }>' higf. obelisk is a light hexagonal truncated 
pyramid, each side ofthe bottom is T and each of Uie tfp is * 2 '' 
The height of the truncated portion* is 5" U»m the bas^ Draw . 
isometncally. ' • # 

6. from points in a ^rai^hi line amrd without using a protractor 

set off angles of 30 and 20^. * ^ 'v •• ^ 

7. Draw a* square • whjch shaU** Have an area equal to the * 
difference in area pt two givenifequarcs. 


8. Givcn% square of 3 inches side, construct a rectangle of • 

equal area, one of us ades beingie inches. ^ • 

9. D^aw^ ^e horizontal ancL vertical projections of a sIVaigKt 

line 3 inches in length wjen • * , ,* ^ t • 

(i) it i#parallel to,both planes of pfojecti^ i 
r » (2) it perpendicular to the horizontal and parallel to<the 
vtfiical plve ; * • • • 

* (3) it is*iiiclined^4$r ito the bopzontal pla^e and in a plane 
per]^diq)lar to both borUontal and vertical i^nes 1 * ^ 





F,E..QUESTipifS 


(4]^ it is inclined 26° to the horizo^til plane ^ plane 

••inclined 30*" to ths horizontal and perpendicular to tfie 
^ vertical plane. #• ^ 

10. On a scale of 75^ Tnch to a foot draw the hof^^tal and 
vesical projections of an octa)»onal column ^ feet high and i foot 
wiolh of face^ standing* cyi a * square pedestal 0^8 feet side and 1 
foot deep* one of the faces of the colu^un being inclined 20’ to the 
vertical plane. ^ ^ 

If. A plane inclined 45' to tiie horizontal plane cuts the top of 
the*column in question No. 10, shSw the section in both horizontal 
and vertical planes. 

12. Make an isometric drawing of the column in question 10 
and cut by the plane as in question #1. 

13. Draw a*scale of 3 inches to a mife to read muliiples 0^ 

10 yds. • I 


14. In the middle of a squ.ire of 2 inches side construct geo- 
metrically another square which shall contain one-lhird of the area 
of the original S(|iiare' • * * 

15: A square prisiH having a base of 1 inch side, and a keutht 
of 2 inches is made to balance otj^one of*its points, and thus 
^wung round till the plane of its axis makes ati angle of 45“ with 
the ground line. Draw its elevatiim in the position. 

^16. Two egg shaped sewers meet at an angle of 120’, draw 
their intersection.* ^ • 



rC. What do you understand blithe terms § — 

• R 4 iomb|»td, Trapeflum, Prism, Tetrahedron, Orthographic projec- 
tion, Deyjlopmcnt, Helix, races of planes. ^ » . • 

19. A straight tvire*2 tfnt^ies in length is bent^at its centre 
into a right angle, <raw Jts projections Vn the horizontal and 
verfleal planes wj;iey one arm is inclined 30* to the horr mial pl«ff 
and the dther is in any plane not parallel to t^ vePticd'l*plane. 

20. ^Draw^(^e projections o{ a efibe standing *on one of its 
angles one face being iimliaed^* to the horizontal plane- • e 





F.B. QUESTIONS. 




21, Proj^t on the hafizontal *and vertical planes the figure 
6r a square prism oft! inches sides aud 4 inches length insersected 

’ bv a ri^h^ cylinder of i inch diai^^eter, the axis of prism and 
cylinder inj^rsectiog at right angles. • * 

22, What do yo^ understand by the*term *lsometrte Projection, 

Draw ihe Isomcirig Scale. ^ 

Draw ihe isometric projection of a box without a li* 
shewing 11^ ifitenor, the mvis^^jle hn^s to be dotted. • 

24 , Without the aid of a protractor constmet on separate bases 
of 3 inches m length the following figures t-* Square, Rhombus « 
with angle of 60', and Isosceles triangle with angle at base 75". • 


25 Construct a square equal in area to the Isosceles trianglo 
in question 24 * 

26. Construct a rfrtangle of which two opposite sides should 
^1^2 '2 inches in length and equal in area to a fijuare of 3 inches 
side, , 

27 Make a scale of knot comparative to a scale of 1 
iftilc^i wch. I knoi=i.t 5 miles. 

2^. Draw the ljori/.ontfd and vertical* projections of*a line 
l>j inches m length :— #• ^ 

(1) when it IS parallel to the- fionrontal and perpendicular to 

the vertf^Al^ plane ; • 

(2) whee it is inclined at an angle of^45'’ to b^th planes. * 

(3) when it is inclined 45® to the vertical plane and its 

horizontal projec^on js inclined 35' to the trace of tht • 
two planes. « , • * • 


29. Draw the horizontal and vertical ju^jectionl oP a right 

pyramid with a hexagonal base of inch side apd height of 3 “ 
inches t/J?*ting on one of the sides jf thc base, the baie beiog 
inclined 75“ to the horizontal plant, aftd ,the hor1zont.1l |pojec\ion 
of the axis^nclinnd 30* to the vertical pUee. , f 

* • • ^ ' • . * 

30. Develop the surfaqt of a )>yratnill of the dimension given 

in que*ion 29^ * • ^ ^ 

1^ 3L Draw the ♦someirica^rojcciion ota hexagonal rblumn 
4 inches ig height and V inch side of hexagon.* The |gure^hotfld 
be drawn to isometric sjjale w|j|icbViust^be«onstructed. | • * 

32. ThP distance tbetween Calcutta and* fiooghly which is 
known to be 26 miles features nine tnftbes on a map. Const(UCt 
|%ale for tffi^piaQ to r^d miles, furlongs and chaias. • * 

^3. Draw* a peota|(m^ of two inches side and reduce it 
geojpetric^lly to a ^uare oT equal area. * * ^ * • • 



QUESTIONS. 


34 A triangle, the plan of whichl tbrms an eqnjlateral hguj^e; 
has its three peints lo, 14 and 21 units above Ihe horizontal platfe 
agd its longest side which mtfhsures 20 units parallel with the 
vertical plane. Draw the* vertical projection and the real 
form of this Sriangle,*asianfing each unit of measurement equivalent 

t<W". , • , 

y *35. Why are scales used by Engineers and Architects ? /. 

do you understand by the terng^s ‘^diagonal scale", “^fernier icale", 
add “isometric scale’? By what expressions are the s'Jalcs a'jf, 
•Jl* iio<) ordinarily alluded lo ? • ^ 

, 56. In the middle of a square of 3 inches side draw a parallel 

square of 4;^ square inches area. 

37. Draw the plan of a portion 4 feet square of a floor made 
up of hexagonal tdcs of 4 inches sides Scale^ne inch .-one foot. 

38. .Set uo an elevation of the tiling referred to m question 
supposing the flior tp be sloping tow.irds you at an hokIc of 30? 

* 39- Draw a diagonal scale of to read feet and inches. 

For what purposeyare the following stales ordinarily Ujcd^;— • 

(ci) Half an inch to the foot^ * ' 

► (d) One sixteenth of an inch lO tlie foot^ 

(c) Fifty feet to the inch. * 

' [if) Eight miles to the inch. ^ * 

' Give their representative fractions. 

40. Drayv a sqnaie of 2’/“ side and describe about it an 

octagon without usin^ a circle, * * 

41. A cylinder of,2^'^ inches diameter,' standing erect on one 

of its eadSjJis mic^^cted b^ two planes at right angles to each 
other an 4 to \Iy! venlical,, plane, the line of intersection of the two 
emitting planes I being 3 inches above the horizontal pi.ane and an 
inch fiorp the axis of the ryllVidei;, and cuvc of the two planes being 
inclined at an angle cT 6<3v“ Uf the, horizontal pjane. 'Draw the 
plan ^nd elevation of the Cylinder asspming the portion above the 
cutting planes to be reihoved, 'and give the true shape of the top 
of the cylinder after its intersection. , ' 

4a. On a map a distance knoi'in to be iq miles measures ^ 
Cbnstouct y diagonal ^scale to read miles and furlongs, at/d long ' 
enough take off 1$ •/ ' ' 

43. Constt-uct an irn^grtlar peniagoh ABCDp from the 

following data. Sidji ABsaal^^", BCsss’/^*, 00=2", DEsasi^'"* 
Diai^onal AD«3''. Angles AttC* I20^ CDE» 1 12® 50'. .. 

44. Aright hexagonal prism of ''iides* anci 2^" ht^^ht, 
stands rm end «vi>h one of its . sides p^bllel to and T distant from 
the vertical plane. Ftpd tbp shadow cast by it on beth pl.'^oes 



QUESyiONS. ^ 

a lumirites point plar^l 4' above the horiaonttf and 5' from 
fne vertical planet and six feet distant from the {^ii of .lire plane. 

45 ** i^onstruct an ellipse majo^xis 3 minor axis 2 '4^*, , 

46. eA pyramid 2%" hif»h* s(antfs*on ^square base of iV 
inch side, one of |he sides beinR. inclined at an angll of 30" truhe 
ground line and* the nearest point IretOif i* from theevertical plane. 

••i^^yramid IS intersected a plane which cuts through its, aj^ 
At a point^i*'j* high. This u|ane is^mrlined M an angle of 60' to tne 
horizontal plane and 90 to the vertical pl.ine Show the section in 
plan afld elevation, and draw its true shape. » 

47. Draw the scale whose representative fraction is*,'j, so* 

that any measurement from an inch to twelve feet may l5e 
read off it. • • 

48. Three simi^r right cones, two incheio high, resting on 
bases which are one .ind a half inch in ^iameter, are svm- 

■^letrically placed so as to be half an inch distint from one another 
at their nearest ooints, and so that two ofc them are close to and 
equidistant ftorn the vertical plane. .V sphere of two inches diaintfier 
^s dropped in between the three cones until it comes to a position 
of r^t. Draw the plan and elevation of the\'roup. 

49. Draw the shadow ^st by light falling at the conventional 
angle in a semigffcular niche two inches wide and four inchA 
high, the top «»(^the niche being round and the lower part llat^ 

50. Cogsirifct a diagonal scale 6 inches long for a Ucp|/tscn- 
tative Fraction of ‘ so as to measure fce;;and inches. 


51. A tetrahedron,^ edges 2 inches long stands with 

edge lO^ils base%estii^ on the hoti?onial planevand at an induration 
of 60^ to the vertical plane from ^l^hlch•1ts nearest point is one 
inch distant. The surface of the b^se, i'^ lurji%d Mlwards ihe^ 
spectator makes angle of 30' wilh th« hoyzonl|L plane. Dra»v* 
the hojuontal and vertical projections^ / , ^ 

52. ^Draw a squarl of iS ufch side,|hen construct anhomhoid 

an isosceles ;flangle, and a^Ighl a|g^d triangle, «ach equal m are^f 
to the square, * *# • 1 • * 

♦ 3 - Converging fines meet at a pr^t beyond your tabl^ 

find by constrisciion the line b^ccting the angle between mem. * 
^4. On a base of i ' construct a rcgultr pentagon. * , 

55.* ShJW the horizoojtal Vnd ver|fcal projection of a line a 
inches lone when : — • ^ * 

(rt) iTis parallejilo the horizontal plaej and inclined at 50* 
^ to the vertical plane. • 

(i) itM in^line^ at 50* to the H.P. and 3b*M the V*fW 


tirive 


56. Coflstruct,a^5^ to show yards and feet, the Repreien* 
e IJ^action being • * • • e 
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57^ A rectangular prism 3 inchest Kon^ having a base i,^ 
inches sf)uare «rests with one edge of its base tn the H P. and has 
its axis inclined at 30'' to theeH.P. The edge on which it rests is 
inclined at 30' to the V.P. Hraw i^ projection on the twi^olanes. 

58. A Aibe 3* *side stands on the one face being in« 
clited at 30” \fi the V.PJ OraW its shadow. 

^ 59. On a map a distance which# is known to be 935^-3 

measures inches. Draw the scalf so as to readf /-hams and 
ten^h of chains, 

, *60. Three smooth solid spheres, measuring 4, 2, i inches in 

4iame#er, rest on a plane so that each is in contact with the other 
two. Draw the plan. 

• f 

61, Draw the true shape of section along the inclined line of 


ELCVATIOL 




the solid figure roughly illustrated ^ 
the margin. 


62- A chord cd 
tarrying a small 
weigjtt d IS fastened 
loitne rim of an ec- 
centric wheel at c. 
This wheel is given 
half a revolution in 
the* right direction } 
draw the curve 
which the point d 
will make. 



6y Construct a r-igular hexagtiJh of 8 sqiSare inches are^and 
project ks pl^i and elevation when Iving on a plane whqse traces arc 
'paralipl to^.. the gronnd liiv# and att *4' 

horizontal and j’ in ihe^^ verticj^t plane. 0 

* 

A circular ring, with^a rectangular section of X *”ch width 
and ^ ijn<:b thicki^sv and with a diameter ^pvcr^ill of 4 inches is 
dropped over the apex of a right hexagonal 'pyramid jof 4 inches 
height, wiJh a base of 2' sides, Wi sueff h maflner as to sit evenly 
on It. Draw the elevatioi^tr 




F.^p. QUESTIONS. 




» 05. L-oqsiruct an c^i4latcral <riangle having au 01 ca of 4 iqr 
"^chcs. • * • 


66? regular hexagonal py*Amid of lyi inches side an^ 3- 
inches vf^-tical height is turnedaover f6 as to rest on one of its sides 
with the plan ofits^xis inclined at an*angle* of 45" ID the vertical 
plane. A slice i%removed from the^ippgiraportion qf the pyritfRid 
means of a hoiizontalxut made at a level of 1 inch above the 
d plaee. Draw the plan and elevation of the lower pbrlii^ 
« • • * 


4jym 


R< 

left. 


6 f Draw the scale r>f wht:h is the representative fraction 
so that yards and feet can be read. ^ 

68. A true pyramid which has a hexagonal base of iji incTt 
side and is 4 inches high rests (Jh a table and is titled on one of fts 
sides until it just ba^nces after which it is turned so that the plane 
of Its axis IS inclined at 45 to the vertical plane. ^)raw its plan and 
Wevation. 


69. Two semi-cylmdncal vaults 12 ft. 'and 10 ft. diameter 
Respectively, spring irom the same horirontal level, and meet at 

an angl^id 30 . Draw i^ie plan and show the method of obtaining 
theii^curve of interrelation. , * * 

70. A spherc^of 2" diamftTcr rests on the ground with its cent}^ 

c, I, ‘2 inches frism the vertical plane. Determine a sphere IH' 
diameter to flmch the given one at a point i* whose plan p is 2,'«" 
from the groi^nd Hne and >2 to the light of c. ^ 

71. Construct a scale of 23 ft.aC --fo show* poles, yards and 

diagonally feet. ^ • •.j 

7*3^ The vertical cioss section ^ through* the apex of a •right 
circular cone is an equilateral triangle, efich side of which is 2 
inches. A fly slaits from the point ^n the baatf* on tlfc rtfireme left^ 
walking round the surface of the cone a «poin%«n ih# right side 
7 inches below the vertex. Find gpoineirically llw length of the 
shortest galh the fly can Flike. So|le if. • ’ 

73. Draw* the lipes of inten^^etration of* a sphere and ^ 
cylinder inclined to the gr^nd at 50*; tl« centre of the splfhrc lies 
a» inch ]^ortzontally without the axis of ih^cylinder and behind 
It. Dia. of cylinder- 1*4 inchg. • * 

^4- Determine* the tangent plane louJiing a spl^re r/ 2" 
meter af^a pe^t p on the lower yide of the horizontal Vdiameter and 
on the right of the vertical dmmeter. g Z • F * 

• • I • • 

75. When an objlct is said to be c^awo*to scale ? What scales 
mmt used ior plans of buildings and what for the plans of sites of 
buildings? ^ 

Draw a (Tiagonal scale «f timp txtWs adopted « to the ototion of a 
ship which sails at the rate of $ knots ais^our. A knot ^60867 ft 



r.jt. quBstioN^ 

mark on this'icala a length /:orTesp(|a^ing to 2 h^urs and sy % 

minute*.^ ^ • • 

, 76. Explain and illustra«r by a diagram the principle of 
isometric projection and draw fropa it the isometric scaje 4 fi.- l - 
What is the^ ratio 01 redbction of the scale to the natural scale ; 
W^ai IS a roin^r scale at d,}vko.e used ? * , 

27 * A given line AH «= 2,'^ inches Ityie moves with one ei^ 1 ^ ' 
Sti the circumference of a given rircl^ of i" radius, centre (Tand 
the other end A on a straight line passing through C/* Find the 
locus of a point P in AB such tnat AP» iji inches. ‘ 

75 , Give the traces of a plane inclined to both horizontal and 
vertical planes and the projections of a point above it. Show the 
pcojections of the perpendicular fre^m the point to the plane, and 
mark the point of (joniact, ^ 

79. Draw the plan and elevation of an equilateral triangle^ 
inches sides, one of them being at right angles to the vertical planep^ 
and the other inclined at an angle of 30 to the lattci. 

80. The distance between Calcutta and Naihatee. which i^ 
known to be 26 miles, ^measures <; inchet oii a map. Construct a 
Sjgale for this map, to read miles, furlongs .md chains. 

c 81. A sphere of 3 inches diameter is nenet^rated by a cone of 
base 3' diameter and axis 4 inches long. The certlre of the sphere 
is at the middle point of the axis of the cone. l^,rr-^’ the curve of 
intenpenetratinu when the cone is horizontal. , 

82. Three equal solitfspheres of diameter i iC are so placed 
\-Mt the ground ^hat each sphere touches ll>e other two. Another of 

the same diameter is placed iFie top touching all of ihentf Draw 
the plan and elevation orthe gfoup. 

83. 'thsr^ibe aTfftrKbolic cur,ve in a square whose area is equal 

oan eqiflatery triafiglebf side s'" and find geometrically the area 
of ^hp pafabola so inscribed. • u 

84. A glass inkstan^, in the f^rm ofa^yramid 3* inches high 
^^has a base 3 inches squarc.NQ'he up^r portion .1c a height of 2 
' inches' above the base iS|-bingca as a lid. Draw the plan and ele- 
vation when the lid r set open at an an^le of 60 deg sees. , 

' I. E. iqoyo 1924. ^ 

» Find the true afigle between the HT and VT of a giveo*plane 
> and delcrmiift the angle thf plane f^fms with the horizontal t^l^^ne. ^ 

5. ba^e of a py'-atpid i* rciitangular measuring 2 x 3 , 

height of axis 4 incHles' The* pyramid is cut, through the middle of 
its parallel to the btse. Draw in istVmctnc, the frustum^ 

the pyjtftnid vrhi^it rests on its smaller end on thcjgro^d. 

3. Take any two points on the curved afrface of^a right 
base 3 inches dkoieter, height of ^xis 3 im-hes.' Show the plan and 
alevation of the shorttsi^^ne which can be drawn between tlwro. ^ : 
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^ 4- ^ ^tance of i i ^iles 3 /iirlongs ‘ is shoyn on li niftp by 
► inches. Drap? a scale for the map, showing fyrlong# V dmgo* 

nal d^vi|ion. ^ ^ 

5. ^ hemisphere 2*4 inches dtameter rests with its flat fRCO> 
centric^y on the top ot a cube df*3 inches tidh^ It is cut by a 
vertical plane tnch distant from*!)^ tcentre ol^ the 8pher#\nd 

^nakinif an ansle of 45' wuh the V.l*. Draw the sectional elevation 
(hNhe iwo#o'ids. • ^ 

6. Find the shadow rasv by a circular cap 3 inches diameter 
on a*verti(al square shaft 2 inches diagonal, when the two faces of 
the shaft are turned at 30 and 60° with the V.P. 


( I and O are fixed points about which the bars DA. O'B can 



freely revolve. Alt is a couplfng 
bar conneefing the free ends of 
OA and O'lt OA l, Alt and 
O'B Alt. Draw the com 
pletc loffus traced by the centre 
point of the bar Alt. 


8 A spiral ^spnntr axis Vertical is in the form of a square 'crew 
threail, side of scfuare external'diameter on plan 3', pitch 2%" 
Diaw the elcR^ion of one complete turn of the spring. 

(). On/af h*of the face of a cube f '/ edge stands an equal 
cube. Make an isometric view of th..^ solid fhrmed by the seven ^ 
cuhcb. , ’ 

Draw* a scale of miles* and, furloogs showing diagonally 
spaces of 10 yards in which 1 4 furlohgs cffiallH of an inch. 

11. »t\ cone IS 5 feel high ,a*d has .. »ii^metit of { feet at thd 

base. Draw this to a scale of 1 inch td th^ foot*lind project the 
surfaces obtained by (a);\n oblirjue si^tion ruinng me opposite sides 
2 f-et fr^m the top and r foot froiP the ho<4om {/>) a veclital seclicp 
taken 1 foot f«l!m ccnije Imc* * t* 

12. Draw in isometrifal projection, h circular iron ring 4 inches 

in d%meler^n(t }4 inch m section. ^ 

F3 A hbilow cylinder, ^ength 3', outer and inner djaroeter* 

I ufand i' respectively, rests with its axis Itorizonul, and ^ils /nds » 
at *an pn^awif 45' to the vcrtic|l plane. It is cut by 3 plane parallel* 
to the vertical plane ef profcction ttj^^ofljh the mi{)dle fa the axil. 
Draw the «ctional elevation. ***** , * 

14. The horizontal and verlicab trace* of a plane make angle! 
40® anc>5a” respectively, with the ground ling yjnd a ppi^^ m the • 
plane, one inch 'frodW each plane of projection, and draw a lint 
passing ihrmigh that pomt, lymg y the pUne„and iocljned at 30* 
the Ip^rizontal plane. \ '' 



15^ t KS* QUESTIOM^ « 

• I 

15. A ipnerip, 2 inthei idiametcr hall centre rait^d 3 inches '>> 
above tfflk. hprizpntal plane ; the axis of tne cylinder enveloping tb > 
^here is inclined 45'' to the l^rizontal plane. P'ind the line of 
^contact of the two surfaces and the horizontal trace of the c^^inder. 

16. Repi^ftent it/ isomVt^ic ‘projection an octahedron of i/z 
inclMs edge renting with in^ face bn the horizontal |^Iane. 

t 17, A hemisphere inches diam^er rests with its curve^ 
surface on ‘the ftfound, its flat face bjmg horizontal. • It is fur- 
motpited by a truncated cone, the ^iam^ter of base and top 1 and 
respectively, and the height 2 inches. Determine the shadow of 
Mie spli^ thus formed on the ground. 

18. Draw two lines from a point of the ground line one above it 
at* an angle of 30®, and the other#below it at 45'' with the 
G, L. Assume the4wo lines to be the HT and^VT of a given plane. 
Find the inclinatioi^ in degrees of the plane to the two planes of 
projection and the angle of the plane contained by the two traces. ^ 

19. AR and Cr> arc two semicircular archways intersecting 
eactt other at 60®. Draw the plan of the intersection of the vaults, 
assuming that they sprinjj^from the same hoj;izontal level. 



.. 20. i^roject the** shadow cast by a circular* flsnge dta a 

lorizontal cylinder. ^ * 

*21. • Dra% id isometric projection a flight of four steps with* 12" 
reads and 6* risers and «n one swe a^i4' wall with ffat horizontal 
op 18^ higner thiin the^top lAc^^^and projecting on plan 18* beyond 
he bottom step. .• 

A. The traces Qf a plane are in one straight line and make 3S>^ 
rith XT'. *DetexlS^a the angle which the pkne \nafts with the 
tlanes of projection, and show the true %ngl?bptween*tbe tracea\>f 
he plane/ ** * 
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T)€l#»hnine a pljij^ inclined Hip and^\n* at 60’ and 5a* 


^j^fpeciiveiyj afhd to^n 


j tnciinea pi r i 00 «na ^ j 

given ^int A which in f^ont of 

above Ti^. • - ^ 

24*^ fij^aw ihe projccijons of me line of intersection of the t\M 
es khAn in the sketch Makd AH ^ ' 


planes ; 



25. An octagonal slab, whose thicknts is r, supports a square 
Ijyr^mi'l (height 2', edge of bise I’j') each bottom corner of tne 
pyramid testing on the to| rofner of the slab. It is placed on the 
ground in Mich a* wav thaa a diagonal.oi the base of the pyramid^ 
IS parallel to the vertical plane,* and it cut by a vertical piaffe 
parallel to the and passing, through the middle of the seconff 
faces of the pr^Sup on the right and left from its nearest ^corner# 
Draw plan and elevation of the portion left. 

26. A hollow semi-rvlinder 2 feei#long is ^ade of zinc sheet 
24' X II*. It is placed horizontally with the diamet^s of its end^ 
vcrti«diifc Draw •the elevUtinns shewing, first the convex and sccofffw 


Lighf at the conventional 


ighf 

Are the cast shadows. of Thesemi -cylinder in the 
iffcrenti* \ ^ 

of a plane whose im^natiot^ to the 
anes jf J^oje^tion are 55®, and* oo* 


the concave face in frent by shade line**.' 
angle. .Scale V- 

two posii^ns, the same or different i * 

27* Draw the traces 
horizontal alM verticaKplanes 
respcctii^ly. ^ 

28. Draw the traces* of a pane siihich shall containPa giveiT 
poin^od be parallel to a (^ven plane wnose%traces do not meet 
^he xy line vfltljin the Ijoun^rv of the drawing paper. mm 

59. A spher^ of diamiter 3^ inches rests on the^grouncL < 
Obtain liiw; irojecttons of its ^tion by an obliq'u^pltne wfloee’^ 
traces are each incigied M to th#xy line, llm hofiSbntal trace 
being il inches from the plan of che*c€lltAt ofght sfmere.' The pU& ^ 
of the centre of t ie sphere is 2* fromTt^ xy Une. 
i^« 30. A solid is made op of two cylinders as shown in the ^gure 

A. Determine tthe i^adow cast by this sofid^w the# ^nes off 
projection. Also ipmc|t| the parts of the ttirface of the solid 
i^ich ^e in shade. • * • ^ 



i.B, QUESTION*; 

• t' » 

|I. DrJiKM^ the ?f(>fjvtric projections the box sUpwnln 
Scale half full S9z\ Isometric s^ale n^^/io be us^. * * 

32^ "Wi .hiU slope is inclined at 30“, the linesoT slope Ivtinj? diie^ 
East ; what is the inclination of i straight road on the ffilf' 
jyfes in a direction North Ea 5 ^ ? , , * , 

^ 33. Detv.rmine ^a plane jnclincd to H. I ar<^ .nd 

5i'' and to contain a gii^ea point A which is li"" ** it^ Ci V.P. 
and ajiove H.P. *«> .u** 

34. Three places A,BfC on level gjf»und are 4 cet ^.'part being 
at IRe corners of an cijuilatcral tncngle. FI it .gs^ point . to a 
scale of 1" to 200'. Vertical borings at A,B.C ro*’» al a mineral se? 
XAdeWhs below the surface ofi 370; '220', 166'. Find the “dir it 
ihdination of the strata assuming it to be a plane. Shr the 
‘Vfiutcrop” of the scam if its plan wer#canlinued to the sur'’- plane. 

35. Draw a flube of 2J' side .standing oif a sqtniL 

and !•' high and om top of the cube place a slab ? ' 

high and over that anoth<^ slab circular in t Ts intersecting 
diameter. A vertical line contains the ccr cf g ^ ihe vaults, 

the fftir pieces forming the column. Draw 1 *'* • * * 

in isometric projection. Scale *1 1 • 

36. * The diagram shows a cylindei* rising '• .erical 

dome. Determine the curve* of mterl«:tion of 'k ,* Draw 

to twitfe the scale of the diagram.’ • . j ^ 

37. An embankment is 30 feet high and •I'de slopes i to i 
Show a road leading down from the top .to the loi’onf inclined at 
20* to the H.P. 'Is it pP^iible to have a road inclined at 45"^ to the 
H.4^. on this erpbankment ? If so, what is i^ length. 

3^. Find the plan andielevation of the jyiint which is situated 
in each of the planes shown in fig. t. 

39. l\' is'rtquiVrv’. ^ fit a tjjlindrical steam domi of diifmeter 3 

feet and height 4 feet *00 fhe top of a cylindrical boiler shell of 
diameter *5 feet'. Draw the cerve of intfxsection of,«he dome and 
shell, Axi 3 of shell hor.zontal. TAxi^ of dome vertical scale, i 
n.«i in. / • . , . • 

4b.* ' Determine the shadow cast b^ the cross and plinth on the 
H.P. and V'P. Also tae shadow cast by the cross **00 the p?'nth, 
Thayi of light at conventional angle. Sc^ale full size. 

4i,Vsabcd represent; a black %oard (6'^ 3') on which an 
nquilaieral l,rie^gl^ of il feet $Me ia dfawn. Draw the r^slAay^of the' 
board cand the triangle wb.a the ^lan,rof the fonner is inclined at 
45* to the vertical rnd lh8 Tunger edges ad, be are horizontal. 
Scale I 1 .' 4. , ; . 

4?. The vertical and hdrizontal traces of a olane muke angles 
of ^5o® atW p® resfSttiVely with the ground iin^ Determine angles 
tlto planft d»kea with the pianos of prpiertioii and also the angle 
between them. 
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T* 43.^f\vo hriiks (t3'\5''X3') arc arratiged %s in plan 

elevafioo. Represent b'ricks in iaornttric projecupifc^ 

I • . V ^ 

'>lanes Miow ^i^o^ciitlrs of 3" ^jin^ Y" diJmeiersJiaibcir cejjyjpi 

be»f» '^Tneie two circlas the piaiwif a right cone 

indmg u{)ri^ht on the ground; the heig|)t gf 
col!!pfc.is 3 ernme the curve of their intersection in elevatron 

when the plant, .uaming il^ axes^f both is inclined at 30 ’ to*the 
vertical plane^ *• • , 

45 Draw pl^b and cle^linn of a circle of li' diamci^r 
'ane vertical and inclined to the vepical plane at 45 ' * * 

’ flhow in isoinetncal pi«i|ection a section of t— 

^cl girdir 12'X 5' carrying steel joi.s^; 4'x 1 V spaced 4' 
^ ‘cs flush and secured with lugs atftt bolts, 

’'t,tC<tb*members dissociated^ 

25. An octa ^ 

^yr^mid (height 




laige scale the plan and elevation 
wt^i a hexagonal nut strewed on at one 


h a. “on^onial .plane .iT an angle of 45' tviih th|j 


"aui idlest in 
'd Ml bur 

•' ,0 the ve, . , _ 

■ 1 ^ -‘re the *pKtns of three sticks whose lowet 

ends .1, <: ar^K i ground and whose upper ends meef at O, 

The height ^if U 10 feet fromtheground, 4 ssumingtheirinrli- 
nation^ tt fth theirnund deteVmine the Itiftgths orihe three sticks, 
(liven rw»2, and 

4i|P*A hcoflsphere of 3 .inches c\tainetci» rests with its fla 4 face 
the ground. It is by a vertical VIaoccAB at an angle of 30* 
Pith the\'. I* ibd passing 3 an irirl^away tenffe. Drauif 

its seniffnal elcfbtion ' • • •/ • 


50^ Reoment in isotnetnc projetH^on the two s^cessiv^ cocAee 
of bricks la'diaEnglish /fbhd at fic corwr of a.buildiftg. VVall| 


2 lyicks tpick. .wale full *25. 


>1 • yquiretl to |i a cylindrical sief^gi dorye*<fTi ihe top of 

■ ‘ )ilrr ‘ ^ ’ ■ ' * 


a^ sief^gi 

a cvlil^trrical Poilrr. T.>raw the curve of interpenetration of don)S 
and boiler and !he devclopiner%of the dome. • 

• ^ k • * • 

u. an isomelnc pi^ection of a trestle. The top block 

IS triangular edgci»4' long^ ana pr^clj* bfvend tl^ at 
each end. The legs^re square ift fiction 5" A3". Verti^l height * 
3'. Assuni^any suitaele mclinalioB for^he legs. 

53, Drap# t ^ 
lion of a stonparch 1 
eU»se. The joints c 
ar#norafkl ta t>e el 
opening in a ] 


Dram t^a sc^c of one inch to the footf th^isome^i?projeo 
itonparch aod 3 The curve is a semi- 

he joints divide the cunee ii^to nine equal^rts. The /oiots 
to t>e ellipse and e|cb if%flaq|. Th| ardusff!^ 09 
I'l^rick wall three bricks thlik and the stones tormiag mt 



■*160 • LE, 'QfjEffloJs. 

' , . j I ’ M ^ 

arch ai% «ingl^ stones flush with both faces of |he wall/^o briA 
^ork is to be slwwn. y * 

54 . UrawVin isorrietri^ proy*ction the joiat lbfit,ween the 
• y *• f phncipal rafter and tie beahyof a roof 

JjT ~ • % "a •tfujs ; the. timbers separately drawn 
A I so as to sh^ow the joTnt. The principal 

I rafter IS 5' X 6" and the ^le beg.*^ Is 

0 • yK Q ] 9 ^ 5 • il'he nose of the ii|ift<*r is 8" 

^ Nv from the end of the tie bar^ The 

♦ 5 -f r n tenon^f the raftet'is if thick. Scale 

j I i filH size. • 

-1 I * 55. The figure 11 shows the 

planeof a roof truss with gable ends. 

• .Scale i'ssio Copy the diagram 

• ^ • il 4 *'2 times the si/e shown. The roof 

surfaces A and H are inclined at 4^ 
tq^ the horizontal. What is the inclination of the surface C ? Draw 
a projection of the roof on .r/. • .Set out the true shape and measure 
the area of the surface Hit. Find ^the , angle between y he •oof' 
^^rfaceS It and C. • ^ # 

^ 56. A spiral (or heli?al) st.aireqse 3 feet wide winds round a 

vertical column (or newal) 3 feel di.ameter. The Itjighi of the stair- 
case w 4 )ich makes one complete revolution is 12 f^ and there are 
20 slips. At the outer edge of the staircase there is a hand rail 
3J feet in height* which i^ttached to the steps bv verrtcal rods, one 
at the centre <if the outer edge of each step. Draw a plan and 
^ftvation of the ‘lower half of ihe stairtfise with ^he hand rail and 
vertical rods represenled by 4 it\cs. Scale ‘ 

57. (|]het> PRST 'flg, 12) is Ihr* plan of a building, 

'in order oblfain aT^*^ qrea\>f roof surface on the si^ sloping 

'' f)’, , 5. 



owards ^T, ifis decided to make the slatp of tfae’toof surface at 
f^S«45®^nd the slope Of each of the remainii^ •'hree roof surfaces** 
|o.® Draw the ‘pi’an, shewing the position of the hip rafters and 
id^e. Soale to he n^c tim- Aat otthe given .figure. 







